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PREFACE. 


-plli ilmijtii o! this work is to afford to the student, 
the artisan, l lie mechanic, and in fact all who are 
interested iti science, whether young or advanced in 
years, a ready means of acquiring a general knowledge of 
j >h vsit's by tin* experimental method. One of its principal 
purposes is, also, to furnish to the teacher suggestions in 
experimentation, which will be helpful in making class- 
room work interesting ami attractive, rather than dry and 
monotonous. 

Most ni the apparatus here illustrated and described 
mav be constructed and used by any one having ordi- 
nary mechanical skill. Simple and easily made devices 
have been chosen lor physical demonstration. 

With scarcely an exception the experiments described 
wen * performed at the time of writing, to insure fullness 
ol detail, and to avoid inaccuracies. The reader can 
therefore be assured that by following the* instructions, sue 
cess u ill be certain. 

Mathematics has been almost entirely excluded. The 
lew problems presented are capable of arithmetical solu- 
tion. The importance of mathematical knowledge in all 
branches of science is fully recognized, blit Ike majority 
of students have little' taste for the intricacies of numbers. 
Faraday was an illustrious example of a scientific man 
without great, mathematical proclivities. 
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PREFACE. 


The late Clerk Maxwell, one of the most eminent 
mathematicians and electricians of the present century, 
said : “ A few experiments performed by himself will give 
the student a more intelligent interest in the subject, and 
will give him a more lively faith in the exactness and 
uniformity of nature, and in the inaccuracy and uncertainty 
of our observations, than any reading of books, or even 
witnessing elaborate experiments performed by professed 
men of science.” 

A large proportion of the material of this work con- 
sists of original articles published from time to time in 
the Scientific American . These have been revised or re- 
written, with copious additions of text and engravings. 
Very few of the conventional illustrations of the text 
books have been used. Most of the engravings are now 
for the first time given in book illustration. 

The leading principles of physics are here illustrated by 
simple and inexpensive experiments. The endeavor has 
been to make the explanations of both apparatus and 
experiment plain and easily understood. 

If what is here written shall induce any who are now 
indifferent to the subject to begin the study of physics 
experimentally, so as to gain even a faint conception of 
the marvelous perfection of the physical world, or if any- 
thing in these pages proves helpful to those who instruct, 
or who seek scientific information, the end sought by the 
writer will have been gained. 


George M. Hopkins. 


New York, January, 1890. 


PREFACE TO EDITION OF 1898 . 


^yllli seventeenth edition of Experimental Science con- 
tained an appendix including much new matter, but, 
in t lie four years which have elapsed since the publication 
of this edition, several startling physical discoveries have 
been made, among which are the X-Ray and its phenom- 
ena, Wireless Telegraphy, the Liquefaction of Air, and 
Acetylene Gas. These have been included in the present 
edition. Besides these, a number of additional experiments 
arc*, given, some of which are new and original. The book 
has been considerably enlarged by the additions, and it 
has been revised so that it is in accord with recent ideas 
of the subjects treated. 

The new matter added will prove acceptable to such as 
seek information on the more recent scientific discoveries. 

George M. Hopkins. 

September 7, 189S. 


PREFACE TO THE TWENTY- FIFTH EDITION 

I N onl, ‘ r lo the scroja- of (his work, (lu- author has 

(ftaxc.i I hr rather ri^id nilr heretofore adhered 
which railed for (!.<• (rial hv himsrll' of rvrrv piece , ,) ap 
paral us drsrri hrd in its pa-rs. and has now availed himsrll 
<>l the experience of ullirrs. Mr is then-lore able In present 
,nlll< ' '•‘•'-Ir-snl ihr twenty. liljl. edili.m,a hdl explanation 
ol <hr I *< ily phase Orneralor. Indiielinn Motors. and K,,|an 
Transh.rmers, alsu in oRr aeeurate infnnnatiuu n-ardin;; 
the eonst rnel inn nl’ modern direet current umlnrs h.r i m 
volts pressure. 

A lull i leserij it inn of Edison's New Stora-r |J ;illl . n p, 
mt rndueed, also sunn- interest in"- experiments bv I’ml. Inhu 
I I’n w bridge, and some Electrical Measuring Apparatus In 
N - Ii( TlAns. Wireless b-h-raphi is bmue.ht up 

l«> 'late, and ether reeent discoveries are noticed. 

Tl >r new rdilinn. owin- to the -rent amount of new 

‘"alter, is published in two volumes. || presents the 

n ': VI " ' li ;vrlnpm<mts in modern science, and -Res iuhnm 
atm" which assists the reader in ennipreheudiu:;- (he 
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CHAPTER I. 


PROrKRTI KS OK HOD I KS. 

Extension, impenetrability, divisibility, porosity, com- 
pressibility, elasticity, inertia, and gravity are general, proper- 
ties common to all bodies, whether solid, liquid, or gaseous, 
while some bodies possess specific properties, such as solidity, 
fluidity, tenacity, malleability, color, hardness. 

KXT K NS K ) N AND IMP K N KT R A HILITY. 

To all matter must be attributed two essential qualities: 
first, that in virtue of which it occupies space, and which is 

Fie. i. 



A Hatful of Cotton in a Tumblerful of Alcohol. 


known as extension, and, second, that which allows only one 
particle or atom of matter to occupy a. given space — the 
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property known as impenetrability. That matter occupies 
space is appreciated by our senses, and needs no particular 
proof, but that two portions of matter cannot occupy the 
same space at the same time sometimes seems anomalous, as 
is shown by some of the following experiments. 

Into a tumbler filled with alcohol may be crowded a hat- 
ful of loose cotton without causing the alcohol to overflow.* 
The success of the experiment depends upon the slow intro- 

FlG. 2. 



duction of the cotton, allowing the alcohol to invest the 
fibers, before they are fairly plunged beneath the surface 
of the alcohol. 

In this experiment the penetration of the alcohol is only 
apparent; the fibers displace some of the alcohol, but the 
quantity is so small as not to be observable. If the cotton 
were compressed to the smallest possible volume, it would 
be found to occupy but very little space. So small a body 

* See also chapter on projection. 
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•would ho incapable of raising the level of the alcohol enough 
to he appreciable by an ordinary observer. 

A more puzzling experiment consists in slowly intro- 
ducing some line sugar into a tumblerful of warm water. A 
considerable ijuanl.il y ol sugar may be dissolved in the water 
without increasing its bulk appreciably. 

Here the physicist is forced to acknowledge that cither 
the water is penetrated or its atoms are so disposed as to 
receive the sugar between them, possibly in the same way 
as a scuttle tilled with coal might contain also a bucketful of 
sand. 'This latter view is adhered to. The atom or ultimate 
particle is held to be impenetrable. 

In the case of the mixture of water and alcohol, or water 


Fin. Fin, .j. 



Kcpntscutiutf Volume <>!' 1'imiixrd Reduction of Volume of Alcohol 

Alcohol ;m<l Wain, and Water Mixture. 

and sulphuric acid, a curious phenomenon is presented. 
'Take alcohol and water for example. Kqual volumes of 
alcohol and water, when mixed, occupy less space, than when 
separate. If the sum ol the volumes of the two separate 
liquids is loo, the volume of the mixture will be only 94. In 
the case of the mixt ure of sulphuric acid and water, the dif- 
ference is greater. 

An easy way to perform this experiment is to fill a narrow- 
necked flask up to a line which may conveniently be marked 
by a rubber band around the neck, then removing one-half 
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of the water, measuring it exactly, and replacing it with a 
volume of alcohol exart *y equal to j ha I ol the water rri m »v rd. 
It. will be found that when the liquids are mi \ed, t In' mi \ tun- 
will not till t lie Hash up to the original mark. : 

The only reasonable explanation ol this phenomenon i*. 
that tlu* molecules ol tin* two liquids areouiiuoda t e them 
selves to each other in sueh a manner as to reduee 1 hr p< u r . 
and thus diminish 1 he* volume ot the mixture. 

IMYlsnUi.I IN. 

Tht* pmpertv ol a IhhIv wliieh admits o{ separatum, u 
into distil ltd parts, and w hit'll is known as di\ isibilit v , is p»»*- 
sessed bv all matter. An example ol ext feme di\ isibilit \ s 
I on ud iu the colorim*' ot a pail ol water with a minute p.u f n h 
ol aniline. 

r< u<< »sri \ . 

There are two kinds ol pores, vi/.. ph\siral «u mh t 
nit heeular pores and sensible poles. In the rase *ii f 1 1 * 
lornirr, the interspaces are so small that the uiohs uh . at » 
within each other’s inlluenee and mu\ .illi.irl m irpri r.e h 
other. Kxpansh m hv heat, contraction b\ rrdu* 1 1» *i t » *t tem 
pr rat lire, and reduet inti ot volume b\ mm press inn an at in 
examples of phenomena rendered possible h\ the exist* nt t 
ol physical pores. 

Sensibh* pores are small cavities or spaces, arm*-*, w lu* n 
molecular lorces are unable t<> act. 

The rxpt'rimenl illustrated h\ Kip. ■; sin »ws I he r sistt n» « 
ol sensible pores, in the neck ot an Aiiumd t hinnum n*. 
started a phi"' ol Malaeea wood, which is sealed mound th* 
periphery with wax or parafhnr, in tin- tnpnj fheeliiuoe v 
is inserted a stopper, through which pjojrrp, a shoit yl.v- 
tube, having its upper end bent over or rapped with a .Utah 
lest tube. To (lie miter end ol the "lass tube is applied a 
rubber tube. When the chimney is in an iuvrifrd position, 
as shown in t.he ru"TUviiup a quantity ol merem v is phnni 
in the la refer part of ( he* chimney , and the air is partly ex 
hausted (mm tin* chimney, by applying tin* mouth to the 


* Srr a) *,n rhaplrt «m pn»jo tiuu. 
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rubber tube and sucking. Th e mercury readily passes 
through the porous wood and lulls in a shower. I»y employ- 
in«>* an air pump for producing the partial vaetiuni, the iner- 
eury may be drawn through a phii*’ ol pine. 1 bese experi- 
ments show in a striking manner the' porosity in a longitudi- 
nal direction of these pieces ol wood. 

Wood, vegetable, and animal tissues, sponge, pumiee 
stone, and ma.ny other substances have sensible pores that 


[i. 



may readily be seen. Physical pores cannot be seen even 
by the aid of the most powerlul mieroseope; but their 
existence is proved by the hu t that all 1 >t h 1 i c *s may be com- 
pressed or diminished in volume. 

Sensible pores play an important part in the operations 
of nature, especially in the* vegetable and animal kimploms. 
The property ol porosity is utilized in the arts, in the 
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filtration of liquids, in tin* absorption ul liquids and gases,, 
in electrolytic processes, in assaying, Hr. 

COMPKKSSIlin.iTY 

The property by virtue of which a body may be dimi 
nivshed in volume, by pressure, without losing* weight. k 
known as compressibilit y. 'This property is possessed in (hr 
greatest deforce by gases, which may be reduced b\ rum 
pression to from one-tenth to unrdumdredth their oiigiuai 
volume. 

The simplest: piece of apparatus tor showing the t mu 
pression of a gas is a well-made toy popgun, suc h t * » i e\ 
ample as that shown in Idg\ d. By cd< isi 1114- the ttioulh of this 
gam by means of a. piece of sheet metal or mica, and uilim* 


Kie. f. 



Thci Popgun used ;i.s a PnmtiMtir Sviinge. 


the piston well with a heavy oil, to prevent the escape ( »t ail 
from the barrel, it; may readily he shown that the air eon 
tained by the barrel may be greatly reduced in volume h\ 
simply pushing in the piston. 


Kr.ASTKTfV,* 

When a body resumes its original lonn or volume uttn 
distortion or compression, it possesses the proper) \ <■{ H.c. 
ticity, and is therefore known as an elastic body. KI.e.th t( \ 
may be shown by pressure, by bending, by torsion .,r tw ist 
ing, 01 by tension or stretching. Gases and bipods are pm 
fcctly clastic. When compressed and afterward allowed f»> 

* Stiti also chapter tm ptupTtitin, 
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return to their original pressure, they are found to possess 
exactly their original volume. 

Among solids, glass is apparently perfectly clastic. A 
plate of glass bent under pressure and allowed to remain 
under stress for twenty-live years, when released and care- 
fully tested for any permanent set, was found to have re- 
turned to exactly its original shape. Elasticity by llexure 
or bending is seen in various springs, such as carriage 
springs, gun-lock springs, etc. 

The elasticity of torsion is exhibited by door springs of 
certain forms, spiral springs, and by twisted threads of cot- 
ton, linen, and other material. The elasticity of tension is 
shown in the strings of all stringed musical instruments, and 
notably in soft rubber in its various forms. 
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A hotly is said to ho at: cost whoa its position is not being 
changed, but this statement needs some qualification, sinee 
any rest known to us is only relative. All bodies with which 
we are acquainted are continually changing their position 
either in relation to adjacent objects or along with adjacent, 
objects relatively to distant, objects. For example: a bowl- 
der is said to be at rest when it maintains its position relative 
to the earth’s surface, but. since the earth itself is not at rest, 
it is evident that, whatever is fixed on the face o( the earth’ 
cannot be at rest . 

On the other hand, if the bowlder were rolling down a 
declivity, it would be changing its position relative to the 
earth’s surface as well as to all other objects, and would 
therefore be said to be in motion; but a body may lie 
apparently in motion while in reality absolutely at rest. If we 
were to suppose a body projected from the earth into space 
with a velocity equal to that of the earth, but in a direction 
opposite that of tne earth’s motion and uninfluenced by 
heavenly bodies, the body, although having apparently a * 
high velocity relative to the earth, would lie absolutely at 
rest. 

ink’ktia. 

No body is of itself aide to change from a state of rest to 
a state of motion, neit her can a body in motion change its 
direction or pass unaided to a state of rest. That which 
causes or tends to cause a body to pass from a state of rest 
to one of motion, or accelerates or retards the motion of u 
body, or changes its direction, is known as Force. The 
incapability of matter to change from rest to motion, or the 
reverse, is a negative property known as Inertia. 

To inertia is due the equalizing effect of flywheels ; when 
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set in motion, they tend to maintain their revolution in 
opposition to considerable resistance. If sufficient force is 
applied to the flywheel to counteract: the resistance, a prac- 
tically equable motion is secured, even though the force 
applied be an intermittent one. 

The top is an example of persistent; rotation due In 
inert ia,. To inertia is due the action of projectiles, hammers, 
drop-presses, also the hydraulic ram. 

The property of inertia, the storage of power, the trans- 
fer of power by friction, and the conversion of rotary into 
rectilinear tnc >tion are illustrated by the toy locomotive shown 
in the annexed engraving 1 . The flywheel, A, is mounted on 
the shaft, B, which rests 
on the supporting and driv- 
ing wheels, C. The wheel, 

A, is spun by means of a 
string* in the same manner 
as a top. By virtue of its 
inertia, the wheel, A, tends 
to continue its rotary mo- Inertia Locomotive, 

lion. If unaffected by out- 
side influences, it would run on forever; but the friction 
of its bearings and of the air and other causes combine to 
bring it to rest. 

The power imparted to and stored in the wheel, A, is 
given (mt. in turning the wheels, (', overcoming friction, and 
propelling the machine forward. 

FRICTION. 

The resistance caused by the moving of one body in 
contact with another is known as friction. No perfectly 
smooth surface can be produced, all surfaces having minute 1 
projections or roughnesses, so that when the surfaces ot any 
two bodies are moved in contact with each other, the pro- 
jections of one body engage the projections of the other 
body, thus offering resistance, to the free motion of the 
bodies. When the surfaces are covert'd wit u a lubricant, 
their inequalities are tilled and smoothed over and the fric- 
tion is lessened. 
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The friction developed by the sliding- of one body upon 
another is known as “sliding- friction,” and the kind devel- 
oped by the rolling of a body upon another is “ rolling 
friction.” Rolling friction absorbs much less power than 
sliding friction. Owing to this fact, the journals and steps. 



of many kinds of machinery are provided with roller or ball 
bearings, thus substituting rolling for rubbing surfaces. An 
example of bearings of this kind is found in the pedals and 
shafts of bicycles and tricycles, which are provided with 
ball bearings. 
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The normal path of any moving body is a straight line; 
the body can be made to move in a curved path only by 
restraining it sufficiently to counteract its tendency to leave 
a circular path and move in a straight line. This tendency 
is called centrifugal force. When a body moving in a 
circular path is released, 
it does not ily off radial- 
ly, but on a line tangent 
to the circular path. The 
fact that a body travel- 
ing in a circular path, 
when released from all 
restraint, will move in a 
straight line, proves that; 
the normal path of a mov- 
ing body is a straight 
line* The centrifugal rail- 
way represented in Fig. 

8 shows with what force 
a restrained body tends 
to fly from a circular 
path. 

This railway is made 
in the same manner as 
the swiftest descent; ap- 
paratus described on an- 
other page. Two wires 
are bent into spiral loops 
around a cylinder, and 
the extremities are curv- 
ed upwardly as shown. 

The two curved wires are 
connected together by 
curved wire cross pieces fastened by soldering, and two wire 
feet are attached to complete the apparatus. No particular 
rule is required for the construction of the centrifugal 
railway. The only precaution necessary is to see that the 
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height of the higher end of the railway is to tlu* height ol 
the circular part; in a greater ratio than 5 to 4. 

A hall started at the higher ond of the railway lollows 
i lu: track to the opposites end, and at one point in its 1 raved 
it is held by centrifugal force against, the under side oi tin* 
track in opposition to the force? of gravity. 

In Fig. 9 another example of centrifugal action is exhi- 
bited by a spiral railway upon which a ball rolls down upon 
a track consisting’ of two rails arranged vertically one over 
the other. The track is formed of two wires bent spirally 
and connected by curved cross pieces, as in the cast* of tin* 
centrifugal railway already described. The upper convolu- 
tion of the spiralis twisted so that the ball may start on a 

horizontal t rack. I hiring its descent 
on the twisted portion of the track, 
the ball acquires sufficient momentum 
to cause it to follow the vertical track, 
being held ou t wnnlly against the rails 
by centrifugal force. The descent ol 
the ball in accelerated. The spiral 
railway represented in the engraving 
is t wo feet high, six inches in diameter, 
the rails being V inch apart. 

The ellVet of centrifugal force on 
air is beautifully exhibited by the 
ordinary choral top. As the top 
spins, air, which enters the holes at 
the top, is discharged through the holes at the equator l>\ 
centrifugal force. The air, in going through the top, passes 
through a series of reeds, setting them in vibration, pro- 
ducing agreeable musical sounds* 

The annexed engraving shows a very simple but effective 
device for exhibiting the effect: of centrifugal force on liquids. 
It is a hollow glass top of spherical form, having a tubular 
stem, and a point on which to spin. 

These tops arc filled with various liquids, some of them 
containing two or more. The one shown at Fig. 1 1 is filled 
partly with water and partly with air. When the (op is 
spun, the water Hies as far from l he. center as possible?, leav 
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in^ in (lie center of l lit* sphere an air space, which at first is 
almost perleclly cylindrical, hut which ^Tadnallv assumes 
tin* ionu of a parabola as l lie velocity of l he lop diminishes. 
At 2 is shown a top having a filling consisting of air, 
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water, and a small quantity of mercury, I he, water acts as 
above described, and the mercury forms a bright band at 
the equator of t he sphere. 

At 3 is shown a lop containing water and oil (kerosene). 
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The water, being the heavier liquid, takes the outside 
position, the oil forming a hollow cylinder with a core of 
air. 

The top, after being filled, is corked and sealed. It is 
spun by the hands alone or with a string and the ordinary 
handle. The diameter of the top is U- inches. It is made 
of considerable thickness, to give it the required weight and 
'strength. 

A SCIENTIFIC TOP. 

Every street urchin can spin a top, and get an unending 
amount of amusement out of it; but it would sezdously puzzle 
the majority of “boys of larger growth” to satisfactorily 
explain all the phenomena of this simplest of toys. 

Why does it continue to revolve after being set in mo- 
tion ? Why does its motion ever cease ? Why does it so 
persistently maintain its plane of rotation? When its axis 
is inclined to the vertical, why does it revolve slowly around 
a new axis while turning rapidly upon its own axis? And 
when so inclined, why does it gradually right itself until it 
rotates in a horizontal plane ? Why does it: not revolve pro- 
portionately longer when its speed is increased? These and 
many other questions arise when we begin the examination 
of the action of the top. They have all been answered so 
far as it is possible to answer them, still it is difficult to 
reach far beyond the mere knowledge of the actions them- 
selves. 

The top ‘has already risen to some importance as a scien- 
tific toy, but it is worthy of being elevated to the dignity of 
a truly scientific instrument. To give it that eminence, 
three things are necessary : first, a considerable weight, and 
in consequence of this an easy and effective method of spin- 
ning, and finally it requires a good bearing, having a mini- 
mum of friction. 

The top illustrated has these three requisities. It weighs 
3$ pounds, and its weight might be increased somewhat 
with advantage. It has a frictional spinning device by which 
a velocity of 3,000 revolutions per minute may readily be 
attained. It is provided with a hardened steel pivot which 
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turns on an agate or steel step.* It is almost perfectly 
balanced, and the friction of its bearing is very slight. 
When unencumbered, it will run for over 42 minutes in the 
open air with once spinning, and its motion may at any 
time be accelerated without stopping, by a new application 
of the friction wheel. 

The brass body of the top is 6 inches in diameter, and 
-§■ inch thick in the rim. Its steel spindle is % inch in dia- 
meter and has a tapering longitudinal hole which is £ inch 
in diameter at its larger end. To this tapering hole is fitted 
the tapered end of a rod supporting the stud on which the 
friction driving wheel turns. The upper end of the rod is 
provided with a handle, and to the boss of the friction wheel 
is se cured a crank. 

A sleeve fixed to the spindle of the top is furnished with 
an elastic rubber covering which is engaged by the beveled 
surface of the driving wheel. After imparting the desired 
speed to the top, by turning the driving wheel, the wheel 
and the rod by which it is supported may be withdrawn 
from the top, without interfering in any way with its action. 

A large number of interesting experiments may be per 
formed by means of a top of this character. Most demon- 
strations possible with the whirling table may be adapted 
to this top, and, besides, many phenomena peculiar to the 
top itself may be exhibited. A few of the more striking 
experiments are illustrated. 

By suddenly pressing upon one side of the top with a 
small rubber-covered wheel, as shown in Fig. 2 (Plate II.), 
it will be found impossible to change its plane of rotation 
by the application of any ordinary amount of force. In fact, 
the side of the top to which the pressure is applied will rise 
rather than yield to the pressure. 

By placing the step of the top on an elevated support, 
such as a tumbler, as shown in Fig. 3 (Plate II.), and gently 
pressing against one side of the spindle, the axis of the top 
will be gradually inclined, and a gyroscopic action will be 

*An agate mortar of the smallest size, about inches in diameter, mounted 
* in a wooden base, forms a very good step, but a steel disk, having a concave 
upper surface, and made as hard as possible, is preferable. 
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set up. The top will swing around with a very slow, 
majestic movement, traveling six or eight turns per minute 
around a vertical axis while revolving rapidly on its own 
axis, and it will slowly regain its original position. 

.As the peripheral speed of the top is almost a mile a. 
minute, a little caution is necessary in handling it while in 
rapid motion, as any treatment: that will cause it to leave its 
hearings will be sure to result in havoc among* the surround- 
ings, besides being liable to injure the opera tor. 

Several methods of showing centrifugal action are illus- 
trated, the simplest being that shown in Fig. 4 (Flute. 11 .) 
A small Japanese umbrella, about; 20 inches in diameter, is 
arranged to be rotated by the to]), by applying to its staff a 
tube which fits over the spindle of the top. In I his, as well 
as the other experiments, the top is set in motion before the 
object to be revolved is applied. The tube attached to the 
umbrella having been placed on the revolving spindle, the 
arms are thrown up by centrifugal action, thus spreading 
the umbrella. 

Fig. 5 (Plate 1 1.) shows a. ring formed of two pieces ol 
heavy rubber tubing secured to two metallic sleeves lilted 
to a rod adapted to the tapering hole of the top spindle, 
The lower sleeve is fixed, and the upper one is free to slide 
up or down on the rod, Normally, the rubber forms a ring, 
as shown in dotted lines, hut, when rotated, the centrifugal 
force reduces it to a flat ellipse. A similar experiment, in 
which two elastic rings are secured on opposite sides of the 
rod, is shown in Fig. fi (Plato lb); the rings being circular 
when stationary and elliptical when revolved. 

In Tig, 7 is shown a device for illustrating the formation 
ol an oblate spheroid. A tube, closed at; the lower end and 
fitted to the hole in the Lop spindle, is provided near its 
lower end with a fixed collar and a screw collar, between 
which the lower wall of a hollow flexible rubber sphere is 
clamped. The upper wall of the sphere is clamped in a 
similar way between collars on a sleeve arranged to slide' on 
the tube. 'The tube is perforated above the lower pair ol 
collars to admit of filling the hollow ball with water. When 
the ball is filled or partly filled with water, and rotated, it 
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becomes flattened at the poles and increases in diameter at 
the equator, perfectly illustrating* the manner in which the 
earth received its present form. 

The glass water globe represented in motion in Fig. 8 
exhibits a cylindrical air space extending through it parallel 
with the axis of rotation, the water having been carried as 
far as possible from the center of rotation by centrifugal 
action. 

When the speed of the globe is reduced, gravity asserts 
itself and the air space assumes a parabolic form, as shown 
in Fig. 9 (Plate II.) 

In the globe represented in Fig. to the filling consists 
of water and mercury. The rotation of the globe causes the 
mercury to arrange itself in the form of a narrow band at 
the equator of the globe. 

Fig. ii shows a globe filled with air, oil, and water, 
which, when the globe is revolved, arrange themselves in 
the order named, beginning at the center of the globe.* 

A Hero’s fountain, operated by centrifugal force instead 
of gravity, is shown in Fig. 12 (Plate II.) The metallic 
vessel contains three concentric compartments. The jet 
tube extends downward into the central compartment and 
is bent laterally, so that it nearly touches the wall of the 
compartment. The intermediate compartment communi- 
cates with the outer compartment, and the outer and central 
compartments are connected by an air duct. The central 
and intermediate compartments are filled with water, and 
as the vessel is revolved the water in the intermediate com- 
partment is carried by centrifugal action into the outer 
compartment, and, compressing the air contained in that 
compartment, drives it through the air duct, with a force 
due to the centrifugal action, into the central compartmenj, 
where it exerts a pressure on the water sufficient to cause it 
to be discharged through the jet. 


* See also chapter on projection, 
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CHAPTER III. 

T II E GYROSCOPE. 

This instrument has always been a puzzle to physicists. 
Its phenomena seems to be incapable of explanation in a 
popular way. In view of the complicated nature of the cal- 
culations involved, no attempt will here be made to explain 
the action of the gyroscope mathe- 
matically,"* the object of the present 
article being merely to describe a 
few modifications of the instru- 
ment and to mention peculiarities 
noticed in the performance of some 
of these modified forms. 

The difficulty of securing a high 
speed in a large gyroscope led to 
the application of a friction driv- 
ing device, as shown in Figs. 13 
*■. , r , . , loy Gyroscope, 

and 13^, b} r means oi which an 

initial velocity of from 4,500 to 5,000 revolutions per minute 
may readily be attained. 

The instrument, after being set in motion, behaves like 
other gyroscopes not provided with means for maintaining 
the rotary motion of the wheel, but its size and the 
facility with which it may be operated render it veiy satis- 
factory. 

The gyroscope wheel is 6 inches in diameter, # inch thick, 
and, together with its shaft, weighs 3^ pounds. The annular 
frame weighs if pounds. So that 5?,; pounds must be sus- 
tained by gyroscopic action when the counterbalance is not 
applied. 

The driving wheel is 7$ inches in diameter. Its face is 

* For a mathematical explanation see “ Rotary Motion as applied to the 
Gyroscope,” by Gen. J. G. Barnard. 
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gyroscope wheel will make very nearly 5,1x11* turns per min- 
ute (4,1)82). 

This gyroscope may be arranged as a Hohnonbcrgcr 
apparatus by removing ihe tall standard and attaching the 
shorter one to the center of the base by means of a boll. 
The annular frame of the instrument is suspended on pivotal 
screws in the extremities of the semicircular support, which 
is capable of t urning on t he upper end of t he short standard. 
In the engraving the short standard, together with Ihe semi- 
circular support, is shown lying on the table. The usual 
counterbalance is also shown lying on Ihe. table, Fig, 13 
shows the drive wheel in position for imparting motion to 
the gyroscopic wheel, and Fig. 13/r shows the driving wheel 
withdrawn and (he gyroscope in action. 

As this instrument does not differ from t he ordinary one, 
except: in the application of the driving mechanism, it will 
be unnecessary to* go into particulars regarding its perform- 
ance. 

In Figs. 14, 15, and rb are shown pneumatic gyroscopes, 
and Fig. 17 represents a steam gyroscope. 

The pneumatic; gyroscope shown in Fig. 14 consists of a 
heavy wheel provided with Hat: arms arranged diagonally, 
like the vanes of a windmill. The wheel is pivoted on 
delicate points in an annular frame having an arm pivoted 
in a fork at the top of the vertical support. The arm of the 
annular frame, carries a tube, which terminates near the 
vanes of the wheel in an air nozzle which is directed toward 
the vanes at: the proper angle for securing the; highest, velo- 
city, The opposite end of the lube is prolonged beyond the 
pivot of (he frame. 

The support, of the annular frame, shown in vertical sec- 
tion in Fig. 15, consists of an inner and outer tub<», the inner 
tube having a closed upper end terminating in a pivotal 
point, Thu lower end of this tube communicates with tlu* 
horizontal tube, through which air is supplied <0 I lie ma- 
chine. 

A sleeve, closed at its upper end and carrying the fork 
in which the arm of the annular frame is pivoted, is inserted 
in the space between the. inner and outer tubes, and turns 
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on the pointed end of the inner tube. The inner tube is 
perforated near its pointed end, to permit of the escape of 
air to the interior of the sleeve, and the lower end of the 
sleeve is sealed by a quantity of mercury contained by the 
space between the inner and outer tubes. The air pipe car- 
ried by the annular frame communicates with the upper end 
of the sleeve by a flexible tube. When air under pressure 
passes through the inner pointed tube, through (he sleeve, 
and through the air nozzle, and is projected against (he 
vanes of the wheel, the wheel rotates with great rapidity, 
and the gyroscope*, behaves in all respects like*, the electrical 
gyroscope referred to. 

The gyroscope shown in Fig. id is adapted to the stand- 
ard just described, but the 1 , heavy wheel is replaced by a 
very light paper bail, whoso rotation is maintained b y two 
tangential air jets, which play upon it on diametrically 
opposite sides, and nearly oppose each other, so far as their 
action on the surrounding air is concerned. The votary 
motion is produced solely by the. friction of tin* air on (In* 
surface of the ball. The upwardly turned nozzle is arranged 
to deliver an air blast which is a little stronger than (hat of 
the lower nozzle, so that: a slight, react ionary force* is secured, 
which assists the. gyroscope in its movement, around (In* 
vertical pivot: sufficiently to cause.' the ball to maintain its 
horizontal plane of rotation continuously. In fact, this 
gyroscope will start from the position of rest, raise itself in 
a spiral course into a horizontal plane, and afterward con- 
tinue to rotate in the same plane so long as air tinder pres- 
sure is supplied. 

It may be questioned whether this machine is a true 
gyroscope. However this may be, it, is certain that, tin* 
reactionary power of t he stronger air jet is of itself insuffi- 
cient: to produce the motion about the vert ieal pivot ; neit hei 
is there a sufficient: vacuum at; the lop of the bail to produce 
any appreciable lifting effect;. 

The steam gyroscope shown in log. i y hardly needs 
explanation. It; differs from all the others in generating its 
own power within its moving parts. The boiler is support- 
ed by trunnions resting in a fork arranged to turn on a fm<* 
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free to move in any direction on the point of the stand- 
ard. When two large or four small Bunsen .cells are con- 
nected with the gyroscope, the wheel revolves with enor- 
mous velocity, and upon letting the magnet go (an opera- 
tion requiring some dexterity), the wheel sustains not only 
itself, but also the magnet and other parts between it 
and the point of the standard, in opposition to gravity. 
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The wheel, besides rotating rapidly on its axis, sets up a 
slow rotation about the pointed standard in the direction in 
which the under side of the wheel is moving. 

By attaching the arm and counterbalance shown in the 
engraving, so as to exactly balance the wheel and magnets 
on the pointed standard, the whole remains stationary. By 
overbalancing the wheel and magnets, the rotation of the ap- 
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4 I " *u« 


h This splendid r\p« 1 im 
- ^ 0 Capitol at Washington, 

Soon after the pendulum exprrnurmf 
trate the same tiling, construe led 4 y\ i»*,. 

modification of Bohncml)c. K r.\ 'j ,, 

received a rotating impulse from Ihr f, u..| ,,j 
and the momentum of the disk was .J. 

the rotation for a sufficient ln, K U, , 

movement of the earth. 
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To furnish a more pin. in aide uieuu. • *! making visible* 
the diurnal movement ..I the e.,nh. the a« »«.«« oi the gvto. 
.senpr is made eoutimmus In ,l " n " ;,s •* Im- 

pelling power. 

In l‘'i**% to (wliieli irpre-atil-. the nutiimr .ui.tne.ed |,,t 
the purpose named) I In* lectaiigul.u Hat... ulmli ‘ oulains 
(he wheel is supported !.\ a lute and n Send I* . I point, 
which rests upon an agate step to the b.tl.mi ..t a small 
iron ettp at the end «>t the atut siipp.*if*l !>\ »!<■ -t unlaid. 

The wheel spindle tutus ><u . an fulh mad. t> . I points. 
Upon the spiiulh* ate phieed l u m • .tut . one at 1 a. It end 
which operate the tail mil In ‘'.dost.-. •.putt.; . 

The hoivonlal side- ol the Haiti, at. -a <'«.«■. and the 

vertical Stiles are it "I*. 1" the relit. at ad> . an atlaihed 

the cores nt the elet In. niagn* t' . and t!i> u It. • I : • pno tded 
with two aruiatutes one on t a> It a I. u to. it ate .u 
ranged at right angles t»» e.n h *«th.» I h. »«•< magnets 
are opposilelv arranged in ir-.pei t j««lai it t . t>> > > ndet the 
itislruinenl astatic. 

All insulated sllld plo|e> I ■ tl««l*j th* mtddi> «■* lit* Sowet 
end til till* It. title to l ci rue an tudr 1 that • t od U'-olv to 
the periphery o| the t tt> nlai ha-.. pi> • > and ui> n > •• «»\ rt a 
graduated semiein ul.it s».d« \u «n«u p*oii ; *» ► «i« * t -• tiom 
tint i t isi tl;if (*(1 Mini a in* i» hi \ * up nil ut< * > uU t >«I tit r 
hase pirn*, and is in r\a ( i u at » « Mitsui huh .*? i- tu*lt I hr pla 
t inn ni-| m » iiiU d st irusnS I hr * mii'ni * n r d»> s ■. 1 * s * ' s un t nt 
In’tntkiu^ Spl itU;s air tuuur«h *l n?fli th# Krusjumal < *«1 the 
magnet wiles, and the UM;*tirl\ an* ns .u. *»»uunuiu 

cat inu with the* wlirrl sujipMi !udi* 

Our ui lit r binding p«»sts is » Minun !«•>! .4 \.wiU the 

mercury in the cup, and th* r* i»*iuu*i»d asJh (hr 

standard. A chop »n innt m \ is j *1.** * * 1 m Hr* tup that 
contains lilt* U|»ale step, to InlfM am rl«**liual » hull 

between the iron cup and ihr p»*mtrd Us* tnstui 

luenl is cove ret I with a shade t*» r**lndr .m * uiienls, 
and l he base piece is pt«t\ tded w ah trvrhuc, *■* j* * 1 

The current break ci iscunfnud 5 m makr and Sur.ik ibe 
current tit (he proper instant, mi that lisr lull rlln f »»l (in* 
magnets is rruli/cd, and when tin |im*Itu,; ,nr mtt« 


tiik (jVRosr.iU’K. 


nectcd with four nr six Hansen ted Is, the wheel rotates :i t a 
hit'll velocity. 

The wheel will maintain its plant', nl rotation, ami when 
it is brought into the piano of I ho meridian, the index will 
appear to move toward (lie right ol a person lacing norlli- 
ward with the index pointing* northward in Iront. ol him. 
To a person in Now York, therefore, the index serins (o 
turn ftwtmf the cast. To a person at the north pole, where 

Flu, 20. 



north is up and east is left, tin* hourly deviation is 15" 
right ward) or ?i v.v/awv/. At the equator there is, of course, 
no deviation. 

It makes no dilforeuee whether the index points north- 
ward or southward, its apparent motion is always toward the 
right, thus affording visible evidence that the. earth rotates. 

The instrument thus described may lie easily modified, 
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so as to illustrate other interesting phenomena of rotary- 
motion. 

By removing the index and point from the insulated stud 
at the lower part of the frame and unscrewing the support- 
ing piece from the top of the frame, the frame may be sus- 
pended in a horizontal position upon pointed screws in a 
fork which is supported upon a vertical pivot, as shown in 
Fig. 20. 

The pointed screw entering the insulated stud is itself 
insulated, and communicates, by an insulated wire, with 
mercury contained in an annular vulcanite cup on the fork- 
supporting pivot. One of the binding posts is connected 
with the pivot of the fork and the other communicates with 
the mercury in the vulcanite cup. 

When the instrument is connected with a battery, the 
wheel revolves rapidly, and if undisturbed will remain, in 
the position in which it was started. If a small weight, 
such as a key, be hung upon one of the pivot screws of the 
wheel spindle, the frame containing the wheel does not turn 
cjuickly on its pivots, as might be expected, or as it would 
if the wheel were not revolving, but the entire apparatus 
immediately begins to revolve slowly on the vertical pivot, 
while the weighted side of the frame descends almost im- 
perceptibly. Transfer the weight to the opposite pivot, and 
while the wheel still revolves in the same direction, the ap- 
paratus will turn on the vertical pivot in the opposite 
direction. 

By removing the weight from the pivot screw and turn- 
ing the apparatus on the vertical pivot, the converse of what: 
has just been described will result ; that is, the wheel besides 
revolving on its own axis will turn in a plane at right angles 
to its plane of rotation. 

If the apparatus be turned on the vertical pivot in the 
opposite direction, the rotation of the wheel on its new axis 
will be reversed, and by oscillating the apparatus on the 
vertical pivot the wheel and frame will revolve rapidly on 
the pointed screws that support the frame. 

The law controlling these movements is as follows : 
" Where a body is acted upon by two systems of forces, 
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1 * 

A.} 

tending to produce rotations about; two separate axes lying 
in the same plane, the resultant motion will be rotation about 
a new axis situated in the same plane between the directions 
of the other two.” 

By means of this continuously operating gyroscope 1 )r. 
Magnus' experiments showing some of the causes of devia- 
tion of projectiles may be exhibited. 

l 

KQUATORIAI.I.Y MOUNTK1) KLKC.TRUtAL INDICATOR. 

In Fig. 2 1 a gyroscope is shown which is suspended with 
the axis of the wheel-supporting frame, C, at right angles 
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Electrical Indicator, 


to the plane of the equator and parallel with the [tolar axis 
of (lie earth. The frame, C, is suspended by silk threads 
from studs that project from the beam, A. Two vulcanite 
mercury cups are supported by the beam, B, in position to 
make an electrical connection with the disks on the axes of 
the frame, C, These cups are connected by a spirally coiled 
wire with the binding posts that receive the battery wires. 
The beams, A, B, are connected by rods, so that when it is 
desired to adjust the instrument, the parts will maintain 
their proper relation. 
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Upon one of the axes of the frame, C, theie is an index 
that moves in front of the scale of degrees. Upon the other 
axis there is a small mirror, D, for receiving a beam ol light 
and projecting it on a screen. By this arrangement a very 
long index is secured without additional weight 

The instrument as represented in the engraving is ad 
justed for the equator. In New \ork the axis of the 
wheel-supporting frame would have to be adjusted at an 
angle of 40° 41' with the horizon. 

The instrument shown in the engraving should, when 
the axis of the frame, C, is adjusted equatorially, indicate 
1 5 0 motion per hour in any latitude. 

The arrangement of the wheel, the commutator, and con- 
nections is substantially the same in this instrument as in 
the one previously described. 

bursting of fly-wheels by gyroscopic action. 

The theory of the bursting of fly-wheels, which has been 
accepted in the majority of cases, is that the centrifugal 
force due to a high velocity overcomes the cohesion of 
the particles of the material of which the wheel is com- 
posed. 

Of course this explanation is entirely inadequate when 
applied to a wheel whose strength is sufficient to resist any 
tendency to fly to pieces from purcty centrifugal force 
under the conditions of its use; but of the fact that such 
wheels burst no evidence is needed, and some cause other 
than centrifugal force must be assigned for the bursting. 

Supposing the fly-wheel to be perfectly balanced and 
without defects in material or design, it may be driven with- 
out danger at any velocity usually considered within the 
limit of safety, so long as it continues to rotate in a plane 
at right angles to its geometrical axis. And it may be 
moved in the plane of its rotation or at right angles to it, 
that is, in the direction of the length of the shaft, without 
creating any more internal disturbance than would result 
from moving it in the same way while at rest. But when a 
force tending to produce rotation at right angles to the 
plane of the wheel’s rotation is applied, the effect will be 
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vastly different, and (In* result will he a tendency f » * rotate 
abuut: a new axis between the other tun, ami I In- * euti ihig.d 
slrain upon the wheel is supplemented hv a l \\ strain, 

which is an important but crucially uunotii < »l hu lor in thr 
ilo.slrud.ivc ad inn. 

To bring t his iiioa to a practical application, the shall 
and Jly-wheel til a high-speed engine ma\ be taken as an 
example, Let the wheel be correctly design si, nr ll made, 
and well balanced, and if its shall is properly lined and sup- 
ported in rigid journal buses, tin* wheel will per hum its 
ollieo without danger ul bursting; but support i lit* same 
wheel and shall upon weak plummet' him ks, and allow one 
or both ot its journals In move laterally at every stioke ot 
the engine, or even less impieutlv, and a disturbing element 
will have been introduced width will strain the wheel later 
ally, and which, together with reutrilugal but e, will etfn r 
molecular changes in the .struct me ot the iron, and the 
result will be that if the wheel is not immediately biokeu it 
finally becomes weakened, so that it will yield to the- tones 
that; (end to destroy it. 

Any wheel whose axis is sw ung in a plane at right angles 
to its plane of rotation, either occasionally and inegutaih 
or frequently and regularly, tends to turn lateiallv on an 
axis between that of t he normal rotation amt that ot the 
extraneous disturbing force. This temleiu y exists in null 
nary wheels, although not visible The engraving shows ,t 
llexible wheel, which clearly exhibits the rlln K ot these 
disturbing forces The rim is u{ rubber, the spokes of 
spring wire, and when the wheel is revolved \eiv rapidh 
and moved in a plane parallel with its plane of rotation, no 
disturbance results, and no effect is produced h\ moving 
it; at rigid angles to its plane ul rotation, but when thr 
wheel is turned even slightly on an axis at right angles to 
its geometrical axis by swinging the shaft latcialU, the um* 
while preserving its circular lorm, iru hues to the plane ot 
the rotation of its shaft, bending the spokes into a com avr 
form on one side of the hub and convex on the other, show 
ing the effects of the disturbing lone on the figure of the 
wheel, as in Fig, J.h 


TI1K OYROSCOl'K. 


.1/ 


When the disturbing force is rhythmical, lateral vibra- 
tions and wave motions are set; up in (lie rim, which are 
out of all proportion to the extraneous force applied. 

From this experiment it is evident that the lateral swing- 
ing of the shaft of a. lly-wheel (for instance when its journal 
boxes art 1 loose, or when the frame of the machine of which 
the lly-wheel forms a part is yielding) tends to weaken the 
wheel even when the lateral movement; is slight ; and where 
it: is great, ns when the shaft is broken, t he twisting effect is 
correspondingly great, and Lhe wheel or its support must: 
yield. 

No rotating machines are more subject: to bursting than 
grindstones, and generally no rotat ing bodies of eipml weight; 
are mounted upon such small shafts or on such weak sup- 
ports. The suspended ones are especially liable to the 
destructive action above described, as their frames are 
generally far too weak. 

Fig. 24 illustrates the effect of a lateral blow on the rim 
of a lly-wheel. Of course the effect is much exaggerated in 
the flexible, wheel, but it. shows the form taken by the rim 
under a blow, the blow producing a much greater effect on 
the wheel while in motion than when at rest. 
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“ In ii vacuum all lux lies tall with nju.il t.ipitlil v I liis 
is the first law of tailing Unites. fhc writ ku«»wn u.mmu 
and feather experiment is a 1ln1mi1Ml.it i*'ii <»l lhi*»|.iu. 1‘hr 
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heavy body and llu 1 li^hf mir heiu^ dmpprd situiilf.i 
nemisly in a lube deprived nl air. trarlt die bottom at the 
same instant. 

'Phe converse ol lids experiment is ilhiMiafed in I i;.;, .s. 
In this ease the retardation caused In the tesiM.ime *»t the 
air is clearly shown. A bunch ot vnv loose < utlntt vuml e. 
attached to a. small piece, A, nl tin toil. and the 1 oiton tlm> 
arranged is dropped simultaneously with the lr.ul build, II. 
As would be expected, the bullet lent lies the 1 1 mud an 
about, half the lime required lor tin* desi ruf of the < niton. 
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liy rolling’ the cotton into a compact ball and inclosing 
it: in the tinfoil, the surface exposed to the air will In* very 
much diminished, and when the experiment is repeated 
with the cotton thus diminished in bulk, it is found that the 
two bodies fall with nearly equal rapidity. 

The water hammer shown in Fig. 26 demonstrates that 
in a vacuum liquids fall like solids, without being broken up 
or divided. 'Flic water hammer consists of a glass tube 
half tilled with water, which is boiled to expel the air, 
the tube being afterward sealed. J( , 

When the lube is inverted, the 
wafer falls in a body, striking 
the opposite end of the tube, 
producing a sharp clink. 

SWIKTKST DKSCKNT APPARATUS, 

The descent of a falling body 
along an inclined plane is gov- 
erned by the same law that con- 
trols the fall of free, unimpeded 
bodies, r., “ (he spaces traversed 
are proportional to the squares of 
the times of descent..” The law 
does not. apply to the descent of 
a. body along any curved path. 

A body descending a concave 
path will be accelerated most at 
the beginning of its fall. A 
body descending a convex path 
will start slowly, and will be in- 
creasingly accelerated as it approaches the end of its (raved. 

Throe eases are here considered: First, that of a body 
rolling down an inclined plane; second, that of a body de- 
scending a concave circular curve; and third, that of a body 
descending a cycloidal curve. In the ease of the inclined 
plane, if the body falls two feel in one second, il will fall 
eight feet: in two seconds, eighteen feet, in three seconds, 
anti so on. In the case, of the concave circular curve, the 
fall of the body will be accelerated rapidly at the start, and 
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has been called the isochronal curve. A body will roll 
down this curve from any point in its length to the point of 
stopping- in exactly the same time, no matter where it is 
started. For example, if it requires a second of time for a 
ball to roll from the upper to the lower end of the curve, it 
will also take one second for a ball to roll from the center 
of the curve to its lower end. 

Apparatus for illustrating these principles is shown in 
Fig. 27. It does not differ much from the ordinary appara- 
tus used for the same purpose. It is, however, made en- 
tirely of wire, and is arranged to fold, so that it occupies 
little space when not in use. The rails of the tracks are 
formed of one-eighth inch brass wire. These rails are con- 
nected by curved cross pieces having ends bent at right 
angles and sYddered to the under surface of the rails. The 
lower ends of the rails are connected by angled wires with 
a cross bar, A, which is bent forward, then upward, to 
receive the board, B, forming the stop for the balls. The 
upper ends of the rails are connected by angled wires with 
a cross bai“, C, which receives the loops of the wire leg, D. 
To the leg is jointed a brace which hooks over one of the 
cross pieces of the middle track. 

To the upper cross bar are soldered wire eyes, support- 
ing a wire bent so as to form three cranks for holding 
the balls, and releasing them all together. The rods of 
which the tracks are formed are about three feet long. The 
cycloid track is made first, the others being cut off to match. 
A method of laying out the cycloid curve is shown in Fig. 
28. At the end of the base line, A D, draw the line, C D, 
perpendicular to A D. Describe a generating semicircle 
(in this case of nine inch radius) tangent to A D, at D. 
Through its center draw the line, E C, parallel to the base 
line. Divide the semicircle into any number of equal parts 
— six for example — and lay off on A D and E C distances 
equal to the radius C D x 3*1416, and divide A D and E C 
into six equal parts, C F, F, 2', etc., equal to the divi- 
sions of the semicircle ; draw chords, D F, D 2', etc. 
From points F, 2', 3', etc., on the line, C E, with radii 
equal to that of the generating semicircle, describe arcs. 
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Prompt s'. V. s'. VV ‘ ' n ’l ‘n’" 

e<1 «n, successively h. Mk. J ^ | J 

describe arcs cutting tlu 1> II< . . ,, , , 

, , . . t ' n , .Mii’vt* triinili'u, l lhc*,r 

will be the points oi the t-«i N 1 

i 1 * i ittM1 Miul llir wurstm thr* \rlmdh.ii k 

points the curve is eh awn, «uut 1 L . 

1 , * j M | us niivr. 1 n*’ hai k, w hni 

are bent; so as to eonfonn i" 1111 . . f , 

completed, must sustain tin 

line as the curve in the diagram si.M.u».s «•• •»»* 

Another method «C describing •* ,1 

in the edge of a disk and roll the d,-k .... .. I* '- ' 
without slipping, with a pencil in o •«*».« * • »■<!, -.no » .1 h 1 


x * , tt* 


t* 

Method of DofifiihltiK r'utM, 

or a piece of paper, the curve brim* M.uU tl w ith thr prwil 
at the lowest point or in contact w ith thr lusc hur. 

A ball is supported at the upper rnd «>l r,u h ii.u k U\ th* 
cranked wire, and when the three Im»K air lilt* hitrd muuiI 
taneously by quickly turning up thr t tanked nur, u tv til I 
found that the ball on the cycloid i ra< h«*s thr pmut »*l sfup 
ping first, the ball on the circular cm vr t timing ur\t. thr lull 
on the inclined plane being slowest ut .ill 

If two cycloidal tracks be plnrrd side by ud« , it will U* 
found by trial that a ball started limn thr middle u at .m\ 
point between the ends of one of thr harks will ir.uh tin 
point of stopping no sooner than thr lull M,u (rd at fhr mp 
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of the other track. In fact, if the tracks are accurately 
made, both balls, if started simultaneously, will reach the 
bottom at the same time. 

DROPPED AND PROJECTED BALLS. 

Although there is no shorter or quicker route for the de^ 
scent of a falling body than that of a plumb line, it has been 
shown that a body projected horizontally with whatever 
force, and describing a long trajectory, will reach the earth 
in exactl)' the same time as another similar bocl) r simply drop- 
ped from the same height. There are many simple and in- 
genious devices for demonstating this fact. If the experi- 
ment could be brought within convenient compass for ob- 
servation, nothing would be better for the purpose than an 
ordinary gun, with powder as the propelling-power, but this 
is of course out of the question. It is therefore necessary 
to resort to apparatus which may be used in an ordinary 
room, so that both projected and falling ball may be seen 
and heard. The apparatus is still a gun, but a very harm- 
less and inexpensive one. It is a modified “ Quaker gun,” 
a Avell known toy used for shooting marbles. 

Fig. 29 is a perspective view of the gun, showing it im- 
mediately after its discharge, and Fig. 30 is a longitudinal 
section showing 1 the gun ready to be discharged. The gun 
consists of a wooden barrel chambered at the muzzle to re- 
ceive the marble and provided with a rod attached to the 
breech piece, extending into the barrel and arranged to be 
propelled forward by a strong elastic rubber cord stretched 
over the breech piece, with its ends nailed to the sides of the 
gun barrel. 

Two changes only are required to adapt the gun to scien- 
tific use. First, the notching of the rod passing through • 
the barrel and the application of the trigger, D, for engag- 
ing the notches, and second, the support for the falling ball 
at the muzzle of the gun. The trigger, D, is merely a strip 
of sheet metal pivoted to the end of the barrel by an ordi- 
nary screw. In the muzzle of the gun at the under side is 
formed a slot, A, and in the end of the gun on opposite 
sides of the slot are inserted eyes, B. In these eyes is jour- 
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nuk'd a wire support, t \ which holds t hr lull t»i l»r tin ipprd, 
at one side ol the muzzle and mil *<i thr path «u tin- p in. 
jeelcd ball. Tbr win* stippoii, (\ hums a Ir\n, min-iul n| 
wliit'h projects into slot in tin* luirrl ami is hrhl In tbr ball 
in the muzzle. Whrii t lit* rod in thr lui irl is lihnatrd bv 
[lulling tlu* leiffiftT, D, the ball in the* muzzle is piujn teal, 
thereby releasing the wire support, w hicli imuirdiatrh turns 
and allows the other ball to drop. It will hr nnfhcd that 
both balls reaeh the Hour a! r\at tl\ the Mint* time, without 
regard to the amount of Iona* applied to thr projected ball, 


t ie. 



Loughutllnul Srrliun t »r (huu 

Kin. 



I he falling ball is impelled bv the ton e ut niavity 
only. I he projected ball is ;u*ted upon In tun independent 

■foiTUH the force t d gravity, which draws it t.iwaul the 

earth, and the projecting lout*, which tends to m.ne it in 
a horizontal line, l lie* projecting Itucr is totuerued oulv 
in carrying the hall hori/oniallv forward, and thu s ma in 
any way interfere with the action <»!„ ppavitv, hut ppavity 
brings the ball gradually nearer the earth, until it imallv 
s( likes. 1 he ffiiu m this experiment should, ot oitihr, hr 
li red over a level plane. 
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TUK PENDULUM. 

A simple pendulum, which is a purely t lieoret ical thing, 
is clclincd as a heavy particle suspended by a thread having 
no weight. The nearest: possible approach to a simple pen- 
dulum is a heavy body suspended by a slender thread, as 
shown at: A in Fig. 31, and although this is known as a com- 
pound or physical pendulum, its action corresponds very 
nearly with that: of the simple pendulum. In the present 
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case the pendulum consists of a heavy bullet nr lead ball 
suspended by a line silk thread. 'This pendulum, In heal 
seconds in the 1 latitude of New York, must be 39*1012 inches 
long. That: is (he distance between (he point of suspension 
and the center of oscillation of the weight. 'Phis length varies 
in different places; r. 1;*., at. Ilammcrfest, in Norway, it is 
39*1948, and at Si. Thomas, one of the West India islands, 
39*0207. 

A seconds pendulum is one that requires one second for 
a single swing, or two seconds for a complete lo-nntl-fro- 
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excursion. The distance thtoue.h u hi» li (hr mi*. puttied 
weit’lil Iravds in out* swim; is ihr amplitude *4 ili»* pendu- 
lum, Galileos discover <«t tin* law *4 ( hr pern luliuu in i 
is a mailer ul common knowledge. 1 le oh-.m \ rd tin* iej»-u. 
larky of (he swiutfintf ol a lamp suspended 1 1 * *m the runt 
. .... ul the i uthetlf'tl mI Pisa, ami 

V*ll» t U, 

, nntit t il that, whetrxrt the ale 

k mm m ot \ dilation, the time lit 1 tlu a 

N I i< m t em. lined i he same, 1 lr 

( also delei mined the law m| the 

lengths nt pendulums h\ i’\- 

peiimeiit. I lr tuuiid that, as 

llu* length nt the peiiduhun 

im I eased, the time « 4 \ i)»t a 

l iuu im teased, imt in pinput 

t ii in t»» the leiu'lh, hut iu pm 

pul lit nt tu it s Mpiai e 1 1 a it. 

Km example, while iu New 

Yutk it teijuurs a peudulmn 

Ju'tute inches htiij* to heat 

seiuuds, the haii'tli Im twu 

.seconds would hr t ;#•* ,ji sjS in, 

The length ul a pendulum lot' 

am inpiii ed time is huiml hv 

lit It It l| <1 \ lift* the lent* til of a 

serum Is pendulum tu im lies 

h\ tlu* sipi.ue **l the time the 

pendulum is tu me.istttr lit 

J* file above example, iu’tuU* 

m m inches is the length ul tin* 

_ ^^m***^ v seconds pendulum. 1 wo set 

utids is tin* time tu lie mens 

'*J ’ t < v . ureil, J * 4. Thrtehtre 

rmie, tints I%X|*ci lliteitl. 

yj‘tou» - 4 ur»*4i*4,H, the 

length of the two seconds pendulum. It is t»*und that.huniu^ 
the resistance of the ait, all tuateiiais at t ahkr when used 
for the weight o( a pendulum. Hits is uur pt«m| nt the 
uniformity of tlu* action ol gravitation mi all suhstam es. 

In l* ip;', jt, at B, is shown a conical pendulum. It differs 
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Fig, 33 . 


from the pendulum A only 111 the manner in which it is 
used; whereas the pendulum A is made to swing to and fro 
in a vertical plane, the pendulum B is started in a circle, 
as indicated by the dotted line. It is found by comparison 
that the pendulum B completes its circular travel in the 
same time that pendulum 
A requires to complete one 
to-and-fro vibration. The 
conical pendulum derives 
its name from the figure it 
cuts in the air. 

The pendulum has been 
used to determine the figure 
of the earth, also to show 
the earth’s rotation. Fou- 
cault’s celebrated experi- 
ment at the Pantheon at 
Paris consisted in vibrating 
a pendulum having a period 
of several seconds over the 
face of a horizontal scale. 

While the pendulum pre- 
served the plane of its oscil- 
lation, the scale indicated a 
slow rotation. This experi- 
mentmay be repeated easily 
on a small scale in the man- 
ner illustrated in Fig. 32. 

The ball, which must be 
a heavy one, is suspend- 
ed by a very fine wire of 
considerable length, say 
from forty to fifty feet. It 
must be started very care- 
fully to secure the desired result. To start it, a fine wire is 
tied around the equator of the ball. To this wire is attached 
a stout thread, by means of which the ball is drawn one side 
and held there until the pendulum is perfectly quiescent. 
The pendulum is then released by burning the thread. 



Pendulum with Audible Beats. 
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In the course* nf a lew minutes then* will appear to Ik* 
a slight change of its plane nt vibtaliom Hie case is like 
that uf the gyroscope aheadv described. T he plane ot 
vibration remains really constant, but the lotatiou t >t the 
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earth causes an apparent twisting 
ut the plane, ll tin* experiment he 
performed in the I'nitcd States, 
and the plane ut vibration he north 
and south at first, the urn them 
limit will soon swim* toward tin* 
right, as viewed (tom tin* south. 

A pendulum capable ol produe 
ing audible heats is often desirable. 
Fig, \ { shows a simple, well known 
arrangement lor producing audible* 
heals 1 1 v tin* aid ot a telegraph 
sounder. The hall, in this ease, is 
suspended b\ a tine win*. The 
under side ol tlu* ball is piovided 
u it h a platinum point. A nun cm \ 
globule is held b\ an in*u i up in 
the path of tin* platinum point, and 
the pendulum, turtcui \ , and sound 
er an* in the* hatterv < bruit. H\ 
this arrangement an electihal eon 
tael is made lui earh sw ing ol the 
pendulum, and thesumidn is made 4 
to click each time flu* t in nit is 
closed, 

B v iiumiis ot Kater‘s leversihle 
pendulum, tlu* length ol a simple 
pendulum having the same time ol 
oscillation as the compotuul pen 
dulum mav be accurate!; deter 


turned. 

K;itcr*s Krvrisible I i » • , , . . 

lit rig, vi is shown a slight I v 

modified form of this pendulum, in which flu* md is funned 

of two parallel bars of wood, separated bv blocks at the 

ends and provided with two swiveled cvliudric rings, In*- 
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tween which are placed two adjustable lead weights, held in 
place by crossbars secured to the weights by screws, ami 
extending* over the edges of the wooden bars. Below ihe 
lower swiveled ring* are clamped lead weights, one upon 
either side of the bar, with a screw extending* through one 
weight into the other. These weights are cheaply made by 
casting lead in small blacking box covers. 

This pendulum is suspended upon a knife edge project- 
ing from a suitable support, and the weights between Ihe 
bars are adjusted until the time of vibration is the same lot* 
either position of the pendulum, it being reversed and oscil- 
lated first upon one of its rings as a center, I lien upon the 
other, until the desired adjustment is secured. Then the 
distance between the bearing surfaces of the rings will be 
the length of a simple pendulum which would vibrate in 
the same time as the compound pendulum. 

MKASUKKMKNT OK TIM K HY TllK I'KNUUrLUM. 

The application of the pendulum to the measurement, ol 
time dates from 1658. In that year Ifuygliens applied it In 
clocks. Singularly enough, this has proved to be the only 
practical use of any importance to which Ihe pendulum 
coidd be adapted. The fact that, millions of docks have 
been made which depend on the pendulum for regulation 
proves the great value of I luyghens’ invention. 

A simple model, showing the application of the pendu- 
lum to clocks, is illustrated in Fig. 35. It is readily made, 
and serves to show how the pendulum acts in the regula- 
tion of a dock, and is useful for measuring seconds in 
experimental work. The frame is made entirely of hard 
wood. The t hree parallel plates are connected by wooden 
studs. The wooden arbor of the scape wheel is provided 
with steel wire pivots, the outer one being prolonged 
beyond the front plate to receive the*, second hand. The 
scape wheel consists of a disk of wood about three inches 
in diameter, provided with a circular row of steel pins, uni- 
formly spaced and projecting from the face of the disk par- 
allel with the arbor. Will) a disk of the size given Ihirlypins 
will be sufficient, with a larger disk sixty pins may be used. 
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obit my* loop above re ferret l It), anti is provided on its lower 
end with ail adjustable weight: of iA t.o 2 pounds. 

The scape wheel arbor is provided with a circumferen- 
tial V-shaped groove forming a very small pulley for receiv- 
ing the driving cord. Upon the middle plate above the 
arbor is fixed a circular block having a deep V-shaped cir- 
cumferential groove for receiving and holding the endless 
driving cord, which passes round the arbor and grooved 
block as shown, and also passes around the pulley block 
attached to the weight. It. is necessary to have the V- 
shaped grooves very deep and very narrow to enable them 
to pinch the driving cord. To insure uniformity in the 
action of the cord and weight, it is advisable to place in the 
second loop of the cord a pulley and connect with it. a very 
light: weight. When the driving weight has nearly run 
down, the cord may he pulled upward over the grooved 
block and fastened. The pendulum rod is made very thin 
and flexible at the upper end by hammering. The rod is 
made of wire of sufficient diameter to prevent springing by 
the action of the escapement, and the pendulum boh is 
adjustable. The distance between the center of the hob 
and the split stud is 39*1012 inches. 

The motion of the pendulum is a result of the down- 
ward pull of gravity and the restraint, of the. pendulum 
rod. It is forced hy gravity to move until the lowest 
point: of its arc is reached, when the momentum acquired 
carries it: forward and upward, in opposition to the earth's 
attraction, until its momentum is overcome by gravity, 
when it. stops and is again drawn down by gravity, causing 
it to return to the* lowest part of its are and repeat the 
movement: just: described, but in the opposite direction. 
But: for friction of the air and of its parts, the pendulum 
would swing on indefinitely without (he propelling* power. 

The isochronism of the pendulum is perfect only when 
its amplitude of vibrat ion remains the same, or when it; is 
arranged to move in a cycloidal path. It is impossible to 
maintain constantly the same amplitude of vibration, and it 
is difficult to cause the pendulum to describe a true cycloid. 
A very close approximation to isochronism is secured by 
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suspending the penduhim by menus of a Hal spring as above 
described and by limiting its swing io a very small are. 

The motion of a cycloid penduhim is very well illus- 
trated by the cycloidal track and the ball shown in lug. ,V>. 
The track is formed of steel bars smoothly finished, and the 
ball is of steel, hardened, ground, and polished, one ul the 
kind used for ball bearings. 

The period of oscillation of the hall rolling on the cycloid 
track is the same for ail amplitudes. This may lie readily 
proved by comparing two like instruments with the halls 
oscillating at different amplitudes. 

A torsion pendulum is one that depends for its action 
upon the twisting and untwisting of an elastic suspension. 
The simplest pendulum oi this class is the toy known as the 
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Cycloid Curve. 


return ball. It consists of a wooden ball attached to the end 
of an elastic rubber cord. By grasping the live end ol the 
cord and swinging the hall so as to cause it to roll in a rir. 
euiar path on the door, the cord will he rapidly twisted. 
If, after twisting, the cord he fastened to a support, as shown 
in Fig. 37, it will he found that the hall will rotate rapidly 
by the untwisting of the cord. The momentum of the hall 
acquired during the untwisting will again twist the cord, 
but in the opposite direction. This pendulum will run more 
than an hour with a single winding. The period of such a 
pendulum, taken at random from a pile. o( return halls, was 
i4 minutes, the rubber cord when not extended being about 
a foot long. 

By means of apparatus similar to that shown iu Fig. *8, 
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Coulomb determined the laws of the torsion of wires. The 
wire by which the weight is suspended is firmly secured In 
the hook, and the weight is provided with an index. The 
angle through which I he index is turned from the position 
of rest: is the angle of torsion. After turning the weight 
and releasing it, the elasticity (if the wire returns it to the 
point of rest: and the momen- 
tum of the weight carries it *'***• } ' Ui ' 37 * 

forward, twisting the wire in 
the opposite direction, until 
the weight; reaches a point, 
where the momentum of the 
weight is overbalanced by the 
resistance of the wire, when 
the wire again untwists, turn- 
ing the weight, in the opposite 
direction. These oscillations 
continue until the force origin- 
ally applied is exhausted in 
[ rictio n. The oscillations 
within certain limits are very 
nearly equal. 

A torsion pendulum, with 
a bililar suspension, is shown 
in Fig, 39. The wheel is 
formed of a disk of metal, 
with a series of split lead balls 
lunched down upon it s edge. 

The wheel weighs i.j pounds. 

Its diameter is four inches. 

It has a double loop at the 
cental foi iccoiving the paral- ‘torsion PniiduluniH, 

lei suspending wires, which 

are $ inch apart and 5 feet. long. No. 30 spring brass win* 
was used in this experiment. The period of tin*, pendulum 
was five minutes. 

The torsion pendulum has been successfully applied to 
clocks, hither of (wo results may be secured by ils use. 
I lie time of running may be prolonged in proporlion as the 
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period of the torsion pendulum is longer than tint) nj an 
oscillating one, or tin* number nl gear w beets mpiirrd in 
the clock may he spiral ly reduced. Ordinal v rim ks mu- 
structed on this principle run a year with a single* \% iiu 
Clocks have brim made* on this plan which would tun Int- 
one hundred years. 

In (hi 1 same year that llwvghens applied the oscillating 
pendulum to tlu* Hock, 1 louke applied the spiral sju itu» to 
the wat.eh balance, thereby causing it to art as a pendulum. 


Kit;. a*. 
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The prinriplr ol Hooke’s invention is illustrated h\ hig.,|u, 
Hk* apparatus here shown has a vihralon pniud oj tun* 
second, I he staff rests at the bottom in a small pun Haiti 
saucer and (urns at (lie (tip in a wire loop seemed to (he 
base board. 1 he disk cm the staff is loaded at ils periphery 
with lead balls, A large watch main spiiug nl tmisir box 
spring is attached to the staff and to a li\rd standaul. The 
oscillation may be quickened by using a stiller spiiug ia by 
removing some of the balls. 
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In Fig-. 41 is represented u model of a ])cnduhun of ivcent 
invention which has been applied to clocks with some suc- 
cess. 

Two cross bars are supported from the base by two 
wires. In the lower cross bar and in the base is journaled 
a wire having* a hook at the upper end. This vertical wire 
carries a curved arm, to which is attached a thread having 
at its extremity a 
small weight, such 
as a button. The 
propelling power in 
this model consists 
of an elastic rubber 
band placed on the 
hook on the vertical 
rod, and received in 
a hook on the little 
crank shaft in the 
upper bar. The 
rubber band is twist- 
ed by turning the 
crank, and the crank 
is prevented from 
retrograde move- 
ment; by the wire 
catch at the side of 
the bur. ' ,Wu,Mm - 

As the arm is carried around by the power stored in the 
rubber band, the weight on the thread is thrown outward 
by centrifugal force. When, it reaches one of the side rods, 
it wraps the thread several times around t lie rod, thus hold, 
ing the arm until the thread is unwound hy the action of 
the weight, when the arm describes another half revolution 
and the operation just described is repealed. 
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CHAPTER V. 


MOLECULAR ACTIONS. 

Cohesion and adhesion are forces which hold together 
molecules or ultimate particles. Cohesion unites molecules 
of the same nature. It is exerted strongly in solids, to a 
less degree in liquids, and very little in gases. 

Heat causes the mutual repulsion of molecules, and 

thus diminishes the force 
FlG ‘ 42 ’ of cohesion. Solids, when 

strongly heated, expand, 
liquefy, and finally pass into 
a gaseous state, if not chemi- 
cally changed at the tem- 
perature reached, i\ g\, 
wood, leather, etc. The 
tenacity, hardness, and duc- 
tility of bodies is due to 
cohesion. 

The force of cohesion in 
liquids may be demonstrat- 
ed by suspending a disk by 
a delicate filament of elas- 
tic rubber, noting the ex- 
tension of the rubber, then 
placing the disk in contact 
with a body of water, as 
shown in Fig. 42, finally 
drawing upon the rubber 
until the disk separates from the water. It is found that a 
considerable extension of the rubber is required to detach 
the disk. By a more delicate experiment, in which the disk 
is suspended from a scale beam, the force of cohesion may 
be accurately measured. It is found by this experiment that 
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the material of the disk has no influence on the result, ‘but 
that the weight required to detach the disk varies with the 
nature of the liquid. The fact that the disk retains a film 
of water after separation from the body of water shows 
that the force of cohesion of the water is less than the force 
of its adhesion to the disk. 

In solids cohesion is often manifested in different degrees 
in different parts of the same body. The body is then un- 
der strain. Examples of bodies in this condition are to 
be found among iron castings and in unannealed glass ware. 

Prince Rupert’s drops, or Dutch tears, show in a striking 
manner how a body under sufficient internal strain may con- 
tain within itself the elements of destruction. These drops 
have a long, oval form, tapering at one end to a point, 
which is more or less curved. They 
arc made by dropping melted glass into 
water, thus suddenly cooling the glass 
and putting it under great strain. 

The larger part of the drop may be 
struck with a hammer without break- 
ing ; but on breaking off the point, thus 
relieving the strain at one place, the 
glass instantly flies into pieces. So 
complete is the destruction, that the Prince Rupert’s Drops, 
fragments are often like fine sand. 

The Bologna flask is of the same nature as the Prince 
Rupert’s drops. It is an unannealed glass flask, having a 
very thick bottom, which is under great strain. The flask 
will receive a hard blow without breaking, and a lead bullet 
may be dropped into it without producing any effect, but 
on dropping into it a quartz crystal, or in some other way 
slightly scratching the inner surface of the flask at the bot- 
tom, the flask at once goes to pieces. The action may be 
compared to the destruction of a superstructure of masonry 
by weakening or destroying the keystone of the arch which 
supports it. 

A common example of action of this kind is met with in 
lamp chimneys, which break without any apparent cause. 
Engineers often find glass water-gauge tubes which will 
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readily stand steam pressure, hut whirlu when seratrhed 
even imperceptibly < m the inner surfaces, will break. 

Adhesion is the term applied to tin* attraction between 
the surfaces of two bodies* In the experiment illustrated 
by Fig*. 42 the water adheres to thedisk, ami tin* torrent at I 
hesion in this ease is superior to (he Inter of cohesion ,*s 
manifested by the moleeules of the water. II the moisten 
ing of the disk by the water is prevented bv lycopodium dis 
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Hnlotfna Flask. 

tributed on the surface of the wain, there tan hr tut adhe* 
sion. 

Two pieces of plate ^lass pressed imulv toi> ether adhere 
st lonely, I Ids expei uncut succeeds iu a vacuum, showmrj 
that, atmospheric pressure plays no part iu holding the 
glasses in trout act. 

Iu the arts, examples of adhesion are hmud iu pities, 
cements, and solders. 
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SURFACE TENSION. 


Flo. 45- 







Surface Tension exhibited in Water Drops. 


The surface tension of liquids is manifested in various, 
ways, notably in the formation of drops, as in rain, each drop 
becoming a perfect sphere Water sprinkled upon a sur- 
face it does not wet, for example, a dusty surface, or upon 
a surface covered 
with lycopodium, 
assumes spheroidal 
forms, as shown in 
Fig- 45- 

A pretty illustra- 
tion of cohesion and 
surface tension is 
shown in Fig. 46. A 
few drops of olive oil are placed in a suitable vessel, and 
into the vessel is carefully poured a mixture of alcohol 
and water having the same specific gravity as the oil The 
oil will be detached from the bottom of 
the vessel, and will, in consequence of the 
cohesion of its particles, assume a. spheri- 
cal form. Another method of performing 
this experiment is to introduce the oil into 
the center of the body of dilute alcohol 
by means of a pipette. By careful mani- 
pulation a large globule of oil may be 
introduced in this way. 

Liquids in large masses assume the 
form of the vessel in which they are con- 
tained, in consequence of the superior 
force of gravity. 

From what has been said, as well as- 
from what follows, it will be seen that 
liquids act as though they were inclosed 
in a tense superficial film. A glass tube 
pressed endwise into a body of mercury 
(Fig. 47) produces a deep depression before breaking the 
surface of the liquid. When a glass tube is presented in a 
similar way to the surface of water (Fig. 48), the effect: is- 



Oil Globule suspen- 
ded in Equilibrium. 
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reversed, the water attaching itself to the surface ol the 
glass with sin’ll foree as to spread and lift the water in the 
immediate vicinity of the wall of the tube. In tidies «»t 
•large diameter, the height to which water is lilted is slight, 
hut: in capillary tubes the height is considerable. 

Fig. 49 shows the effect of the size of the tube on the 
height to whieh the liquid is raised by capillarity. The* 
smaller the area of the upper end of the liquid column, tin* 
greater the concavity, and, as a consequence, the g crater t hr 
strength of the surface film in comparison with the weight 
of the column raised. 

When two glass plates are arranged at a slight angle 
with reference to each other, with their edges in contact, as 

I'm, 47, 4C 


shown in Fig. 50, the liquid exhibits the. phenomenon shown 
by the tubes of different diameter, but to a less degree, owing 
to the contact of the edge of the surface film of the liquid 
with proportionately a smaller surface. When two glass 
plates are presented in a similar manner to the muI.j* «• 
of a liquid which does not wet them, such as metrtitvoi 
water covered with lycopodium, the effect is the opposite 
of that just described (Fig, 51). Capillary elevation and tie. 
pression are more dearly shown by the experiment Ulus. 
tinted in Idg. 3*^* 1 "*** inch glass tidies terminating in 

capillary lubes arc bent into U shape and mounted upon 
a support. Into the larger end of one of tin* tuhvs is 
poured mercury, which flows into the smaller brum In irn? 
does not. reach the level of the mercury in the larger Tram U. 



MOLECULAR ACTIONS. 


6 1 


The upper surface of the mercury in each branch of the 
tube is convex. When water is poured into the larger 
branch of the other tube, it rises in the capillary tube above- 
its source, and its upper surface in 
each branch is concave. 

A curious example of the effect 
of surface tension is shown in Fig. 

53. The smaller end of a tapering 
tube is plunged several times into 
a vessel of water and withdrawn. 

Whenever it is drawn out of the 
water, the contraction of the water 
drop adhering to the lower end 
of the tapering tube forces the 
column higher within the tube, un- 
til at length a point is reached 
when equilibrium is established, 
the contractile force of the drop 
being balanced by the weight of 
the column of water contained by 
the tube and by the upward pull of the film at the upper 
surface of the water. 

In Figs. 54 and 55 are illustrated experiments showing 

the force of capillary attraction 
and adhesion. In Fig. 54 is 
shown a £ inch tube open at one 
end and terminating in a capillary 
tubulure at the other end. By 
allowing the tube to sink for two 
or three inches in water, with the 
larger end downward, then plac- 
ing a minute drop of water in the 
capillary end of the tube, the 
tube may be raised two or three 
inches, carrying with it the col- 
umn of water contained by it. 
If the capillary end of the tube 
be closed by a small drop of water, and the larger end be 
plunged into water, as in Fig. 55:, air will be retained in 
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Fig. 49. 
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the tube, and, as a consequence, the water cannot enter. 
An experiment showing a phase of capillarity is illus- 
trated by Fig. 5 6. This experiment was originally intended 
for illustrating upon the screen tapestry and other designs 
formed of small squares, in colors ; but it has another prac- 
Fig. 51. tical application, which is capable 

of considerable expansion. For 
^ projection, a piece of brass wire 

cloth, of any desired mesh, say from 

« 12 to 20 to the inch, is mounted in 

a metallic frame to adapt it to the 
slide holder of the lantern, and the 
wire cloth is coated lightly with 
lacquer and allowed to dry. 

The slide thus prepared is 
placed in the lantern and focused. 
The required design may now be 
msf-- traced by means of a small camel’s 
hair brush, colored inks or aqueous solutions of aniline dyes 
being used. The small squares of the wire cloth are filled 
with the. colored liquid, and show as colored squares upon 
the screen. Different colors may be placed in juxtaposition 
Fig. 52. Fig. 53. 

— - -,«r 


Fig. 52. 



Capillary Elevation and Depression. 


Effect of Surface Tension. 




Sci-Anl. K* l 

Method of Producing Designs on Wire Cloth. 

as desired. In this experiment the colored squares have 
the appearance of gems. These designs may be made per- 
manent by employing solutions of colored gelatine ; but in 
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this case the squares are so small that they are not very 
effective without magnification. Really elegant designs- 
may be produced in this way for lamp shades, window and 
fire screens, signs, etc. The mesh of the wire cloth should 
be quite coarse, say io to the inch. The wire cloth is sup- 
ported a short distance from a design drawn on paper, and 
the different colors are introduced into the meshes by means 
of an ordinary writing pen. The gelatine solution should 
not be very thick, and it must be kept warm. Ordinary 
transparent gelatine may be colored for this purpose by 
adding aniline. Colored lacquers answer admirably for 
filling the squares. The beauty of this kind of work and 
the simplicity of the method by which it is produced re- 
commend it for many purposes. 

ABSORPTION OF GASES. 

The behavior of gases under certain conditions is of 
peculiar interest to the student of physics, since it involves 
actions which cannot be seen and which require purely men- 
tal effort for their comprehension. There are simple ways 
of demonstrating that certain actions do occur, but the exact 
mode ot their occurrence is left to reason or conjecture. 

In some of the following experiments molecular action 
proceeds with astonishing rapidity. One of the best exam- 
ples of this rapid action is the absorption of gases by char 
coal. 

To illustrate absorption according to the usual method, 
a piece of recently heated charcoal is floated upon mercury 
and a test tube filled with carbonic acid gas or ammonia gas 
is inverted over it and quickly plunged into the mercury, 
Fig. 57. The absorption begins immediately and quickly 
forms a partial vacuum, which causes the mercury to rise in 
the tube. 

When a quantity of mercury is not available, the experi- 
ment may be performed very satisfactorily in the manner 
illustrated by Fig. 58. A glass tube, closed at one end by a 
cork in which is inserted a short piece of smaller tube, is 
plunged open end downward into a tumbler partly filled 
with water. To a flask or bottle is fitted a cork in which is 
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inserted a small glass tube, and the two small tubes are con- 
nected by a short piece of flexible rubber tubing. The basic 
is filled with carbonic acid gas,* and corked. One or two 
small pieces of line charcoal are heated strongly in a closed 
vessel, such as a covered crucible, or upon the top ol a stove, 
'flic cork of the flask is removed, and the charcoal is dropped 

i'n,. 57 . 










Absorption of Gases by Ghurcoal. 

in and the cork replaced. If there are no leaks, the absorp- 
tion of the gas by the charcoal will be immediately shown 
by the rise of the water in the tube in the tumbler. The 
coal will absorb 35 times its bulk of the gas. In the case of 
ammonia the volume of gas absorbed reaches yo times the 
bulk of the charcoal. As the gases which are most: easily 

* Carbonic add gas for this and subsequent, experiments may be readily pre- 
pared by dissolving a small quantity of carbonate of soda (say i oz.) in water, 
in a tall glass or earthen vessel, then slowly ad fling a few drops of sulphuric 
acid. The gas will quickly fill the vessel to overflowing, 'the carbonic acid 
gas being much heavier than air, may be readily poured into the llask. 
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condensed to a liquid state are those which are absorbed 
with the greatest facility, it is fair to presume that the gases 
absorbed by the charcoal are in a liquid state. The well 
known purifying property of charcoal and other porous sub- 
stances is referred to their absorptive power. 

THE DIFFUSION OF GASES. 

The tendency of gases to mix or diffuse one into the 
other is very strong. A simple experiment exemplifying 


Fig. 58. 



Absorption of Carbonic Acid Gas by Charcoal. 


this tendency is illustrated by Figs. 59 and 60. A clean, dry 
porous cell, such as is used in galvanic batteries, is closed 
by a cork in which is inserted a small glass tube. A piece 
of barometer tube six or eight inches long is connected by 
rubber tubing with the tube of the porous cell. The end of 
the barometer tube is plunged into water and the porous 
cell is introduced into a vessel* filled with hydrogen or illu- 
minating gas. The gas enters the porous cell so much more 

* An ordinary fish globe answers admirably as a gas-containing vessel for this 
and similar experiments. It is readily filled with illuminating gas by placing 
it for a minute in an inverted position over a burner through which gas is 
flowing. 
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rapidly than the air can escape through the pores of the cell 
that a pressure is created which causes the air to escape 
through the tube and bubble up through the water. 

When the porous cell is removed from the glass globe, 
the reverse of what has been described occurs, the gas pass- 
ing outward with much greater rapidity than the air can 
pass in, thereby producing a partial vacuum, which causes 


Fig. 59. 



The Diffusion of Gases — Endosmose. 


the water to rise to a in the glass tube, Fig. 60. These are 
examples respectively of endosmose and exosmose. In these 
experiments it is of vital importance to have tight joints, 
as the slightest leak will insure failure. The corks should 
fit tightly, and where they are not to be removed, they 
should be carefully sealed. 

These experiments may be tried on a large scale by em- 
ploying a porous Turkish water cooler instead of the 


6S 


FXl’KUIMFV TAJ U N<*F. 


porous cell, and usiiiic a larger ami h>nL»cr e, Le*s tuhr. A 
lar^e bell ^lass nr "'lass shade' nun mim* as the i.;asa nuiain- 
injr vessel Theaetinu may be madr mute distinctly visi- 
ble by coloring the water. 

A convenient and inexpensive wav *d shuwini*; tin- same 
phenomena on a small scale is illnstrated by blip f*i. An 
ordinary clay tobacco pipe ausweis bn the |»ninus uv,rl, 
A short, cent rally nperlured cork is btted tu the how I * a 
the pipe, a j»-lass tuhe, nt abont uur-riejith im h internal 
diameter, is lilted b> tin* bore nt the enk, and the mik is 
carefully sealed. By connecting tin* stem • a tin- pip** until 


Flu, (tu. 
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tube, and insi i'tiiij* tin* “lass fui»- .1 ,1» t de l an* i* in! u 
water, the gas will bubble tip flu * n*s^ It tin- iutn Asin 
shutting off tin- ^as at the hunter, a h\ d^ublm;* ms pus* in 
itt^T die rubber tube, the uafci uiu nnmediat# l\ i r.r m f!i#- 
fflass tube shuwini that in the han-e ..t ; :>t s and an 
through the pores tit tin* i la\, the untnaid m>a m! 

the i^as has been much inure rapid limn fhr snuaid jimt- 
uu*nt of the air, thereby producing; a partial u< num, ulmii 
causes the water tu rise. 
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By bieaking orf the stem of the pipe near the bowl, the 
pipe and glass tube may be plunged in a deep glass jar, 
when the experiment may be proceeded with as follows : 

A little water, say one-half inch in depth, is poured into 
the jai, after which the jar is filled with carbonic acid gas. 
Illuminating gas or hydrogen is allowed to flow through 
the pipe while it is removed from the jar, so as to drive 
out all the air and fill the pipe with gas. The gas is now 
shut oif and the pipe is immediately placed in the jar, with 
the glass tube plunged in 
the water. The effect is the 
same as in the case of the 
air and gas, i. e., the car- 
bonic acid gas goes in and 
the hydrogen gas goes out ; 
and when equilibrium is 
established, the pipe will 
contain some carbonic acid. 

This may be proved by re- 
moving the pipe from the 
jar and plunging the glass 
tube into some clear lime 
water, then allowing the 
gas to flow only long enough 
to force out the contents of 
the pipe. The presence of 
the carbonic acid is indi- 
cated by the milky appear- 
ance of the lime water, 
which is due to the forma- Simple Way of Showing the Diffusion 
tion of carbonate of lime. of Gases * 

There is sufficient carbonic acid in the exhalations of 
the lungs to show an action which is the reverse of that 
observed in connection with illuminating gas. When the 
pipe is blown through, and the end of the stem is quickly 
and completely stopped, one or two bubbles will escape 
from the glass tube, showing that the inward movement of 
the air through the pores of the clay is more energetic than 
the outward movement of the carbonic acid. 
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The diffusion of gases may be shown by the well known 
experiments illustrated by Figs. 62 and 63. A medium 
sized fish globe, a very small fish globe which will pass into 

the larger one, and a 
piece of bladder are 
the requisites for this 
experiment. 

The small globe is 
filled w i t h carbonic 
acid gas, and the blad- 
der, previously moist- 
ened, is placed loosely 
over the mouth of the 
jar and tied so as to 
render the connection 
between the bladder 
and the globe air tight. 
A good way to insure 
a tight joint is to 
stretch a wide rubber 
band around the neck of the globe before applying the mem- 
brane, The large fish globe is filled with hydrogen or 
illuminating gas, and the small globe is placed under it as 
shown in Fig. 62. 

As the hydrogen 
passes inward 
through the mem- 
brane much more 
rapidly than the car- 
bonic acid passes 
outward, the mem- 
brane is distended 
outwardly. It re- 
quires a little time 
to produce a visible 
effect. If the small- 
er globe is filled 
with hydrogen, and 

the large one with Partial Vacuum by Exosmose. 


Fig. 63. 



Fig. 62. 
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carbonic acid, the membrane will be distended inward, as 
shown in Fig. 63. In this latter case the experiment may be 
performed with the least trouble by placing the large giobe 
with its mouth upward, and closing it by means of a plate 
of glass. 

Endosmose proceeds from the rarer toward the denser 
gas. The law governing the diffusion of gases, according 
to Graham, is that the force of diffusion is inversely as the 
square roots of the densities of the gases. 

When two miscible liquids are separated by a porous par- 
tition, they diffuse one into the other* A simple endosmo- 
meter for showing this action is 
shown in Fig. 64. It consists of a 
small funnel having its mouth 
closed by a piece of bladder held 
in place by a wide rubber band 
stretched around the rim of the 
funnel. The funnel thus prepared 
is immersed in water, for example, 
and is filled to the level of the 
water with sirup of sugar. The 
water passes through the bladder 
into the funnel and the sirup passes 
out. The rise of the liquid in the 
funnel indicates that the water 
enters more rapidly than the sirup 
escapes. T h e presence of the 
sirup in the water may be detected by taste. That the 
water passes through the membrane into the funnel may 
be proved by adding to the water a small quantity of sul- 
phate of iron, and after the experiment has proceeded for a 
time, adding some tannin to the contents of the funnel. If 
sulphate of iron is present in the funnel, the sirup will turn 
dark upon the addition of the tannin. 

If the neck of the funnel proves to be too short, a glass 
tube may be connected with it by means of a short piece of 
rubber tubing. 


Fig. 64 
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CHAPTER VI. 

LIQUIDS— PRESSURES EXERTED BY LIQUIDS. 

Liquids are distinguished from solids by the great mo- 
bility of their molecules. The adhesion between the mole- 
cules of liquids produces more or less resistance to their 
free motion. This property, which is known as viscosity, 
is inherent in all liquids, some exhibiting extreme mobility, 


Fu;. 65. 



Demonstration of Pascal’s Law. 

others having great viscosity. Ether is an example of a 
mobile liquid, and an example of a viscous one is found in 
glycerine. 

Liquids are compressible to a very small degree only. 
They are, as we have already noticed (Chapter I), porous 
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and impenetrable, and, in consequence of their compressi- 
bility, they are elastic. 

Pascal enunciated the following law of the pressures of 
liquids: “ Pressure exerted anywhere upon a mass of 
liquid is transmitted undiminished in all directions, and acts 
with the same force on all equal surfaces, and in a direction 
at right angles to those surfaces.” 

To demonstrate this principle, the apparatus shown in 
Fig. 65 has been devised. 

A hollow metallic globe is provided with open- 
ings at the top and bottom 
and upon four or more of its 
sides. Around these openings 
there are collars, over which 
are stretched and tied dia- 
phragms of rather thick but 
elastic rubber, the upper dia- 
phragm being omitted until 
the globe is filled with water. 

The globe being placed upon 
a suitable support, pressure is 
applied to the upper dia- 
phragm, when it is found that 
the pressure is transmitted 
through the medium of the 
water not only to the dia- 
phragm at the bottom of the 
globe, but in an equal degree 
to the diaphragms upon the Pascal’s Experiment, 

sides of the globe, thus showing that the pressure is exerted 
by the water equally in all directions, and at right angles to 
the surfaces with which it is in contact. This is a simple 
illustration of Pascal’s law. 

Probably there is not a more striking example of the 
effects of hydrostatic pressure than that presented in Pas- 
cal’s experiment, in which he burst a stout cask by inserting 
in it a tube about 30 feet high, and filling both the cask and 
tube with water. This experiment, in a modified form, is 
illustrated by Fig. 66. A tin cup of 6 inches diameter, and 
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having a wired edge, is furnished with a leather or lubber 
cover, lied over the top of the cup so that, it may have a 
motion of a. half inch or more. In the side of the cup is in- 
serted a tube which extends upward above the top of the 
cup 24 inches, and is furnished at: its upper end with a fun 
nel. The diameter of the tube is of no consequence; the 
result: will be the same whether it is small or large. The cup 
is filled with water by submerging it with the tube* in a hori- 
zontal position, with the tube uppermost, and alternately 
pressing in the flexible, covering and then drawing it out- 
ward. This operation soon drives out the air and tills tin* 
cup with water. The cup is placed with the* pipe in a ver- 

Fn». (,7. Fir.. f)H. Fa;. U). 



Equilibrium in ('oimmmieacin# Vessel#. 

Heal position, and a board is laid over (lie flexible cover ami 
pressed to expel all of the water above the rim of the nip. 

Now, by placing’ a twenty-live pound weight upon the 
board and pouring water into the tube, the weight will be 
lifted and sustained. This experiment shows that a great 
pressure may he produced by a small column oi water. In 
this case the cup, with its flexible cover, represents the large 
cylinder and piston of a hydraulic press, the tube stands 
for the pump cylinder, the small water column in the lube 
for the piston, and the weight of the column for the power 
applied. By increasing the height of the water column, tin- 
pressure will be correspondingly increased. 

big. f>7 shows two communicating vessels of different 
diumcfci. 1 he larger one is divided at a point, near its 
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base, and reunited by means of a packed joint. When 
water is poured into one of these vessels, it rises to the 
same level in both. By removing’ the upper portion of the 
larger vessel and tying a flexible cover over the lower part,, 
it is found that a column of water in the smaller vessel ex- 
tending to the point, a, will be exactly counterbalanced by 
a certain weight placed on the flexible cover, as in Fig. 68. 
The weight required will be exactly that of a column of water 
of the diameter of the larger vessel and equal in height to the 
distance between the flexible cover and the level of the 
smaller column, a. 'Phis 
may be shown by removing 
the weight, replacing the 
upper part of the larger 
vessel, as in Fig. 69, and lill- 
ing it with water up to 
the level, a. The weight, of 
water required in the larger 
vessel to thus lift the smaller 
column to the point, a, will 
be found to be the same as 
that: of the weight removed. 

It seems puzzling that 
no variation in the size or 
form of the upper portion 
of the larger vessel can make 
any difference in the results, 
provided the same water 
level is maintained ; but it 
must be remembered that: the whole question is simply one 
of pressure per square inch. The weight will as readily 
balance a large column as a small one, the vertical height 
being the same in each case. 

The enormous pressure developed in a hydraulic press is 
a subject: of wonder, even to those who perfectly under- 
stand the principle involved in its operation. Men regard 
with interest, anything t hat furnishes an exhibition of power, 
and it is difficult to avoid thinking that in the hydraulic 
press power is actually created in some mysterious way. 
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However, nothing nl this kind happens. A h\ draulir press 
is simply a power converter, in which a certain pressure 
per square inch, acting* on a small area, is able to produce 
the same pressure per square inch on a large area, therein 
multiplying the pressure, 'flu' sum total ot all the powei 
utilized in the press is exactly equal to the sum total ot all 
the power applied to the press, less I riel ion. 

In Fig. 70 is illustrated a hypothetical hydraulic press, 
above which is given a diagram showing the relative areas 
upon which pressure is exerted. Id the t u o rnmmumVat 
ing vessels, A, B, with square cross sections, arc titled the 
pistons, a, t). The piston, <r, is one inch squat e, and couse. 
quently has an area of one square inch. 1 he piston, /«, is 
5 inches scpiare, and consequently lias an area ol 
square inches. If the spaces below the pistons be 
tilled with water, it. will be found that, in consequence 
of the equal distribution of pressure throughout the 
confined body of water, a weight placed on the piston, */. 
will balance a weight twenty-live limes as gnat placed 
upon the piston, A,* that, for example, a dnwuwaid ptrsstur 
of live pounds upon the piston, a, will, thiough the 
medium of the water, cause a pressure ol live pounds 
to he exerted on every square inch ol surtaee tom hrd b\ 
the water, and that the movable* piston, A, having tweiiU 
live times the area of tin* piston, tt, and receiving on each 
scpiare inch of its surface.! a pressure* ol live pounds, will hr 
forced upward with a pressure of one hundred and twenty 
live pounds. 

A press of this description would have* no practical 
value, inasmuch as a movement of t lit* piston, */, thiough 
the space of live inches would lift the piston, A, only our. 
fifth of an inch. To lift the* piston, /\ live inches would 
necessitate a piston, a, having a length ol one hundred and 
twenty-five inches (over ten feet). 

To obviate this difficulty, the pump piston of a hvdraulit 
press is of a reasonable* length, and valves are provided bv 
means of which the short piston, by acting repeatedly, will 
accomplish the same results as would in the other case re* 
quire a very long piston. 
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In Figs. 71 and 72 is shown a very simple and easily con- 
structed hydraulic press, which has considerable utility. It 
is made of pipe fittings, valves, rods and bolts, that are all 
procurable almost anywhere. 

To the baseboard is secured a flange, into which is screwed 
a short piece, A, of gas pipe. On the upper end of the pipe 
is screwed a coupling, into which is inserted a bushing from 
which the internal thread has been removed. In the bush- 
ing and in the pipe, A, is inserted a rod of cold rolled iron* 

Fin. ^i. 



Simple II ytlnt’.ilic Press. 


a bar of brass, or a short section of shafting, and the space 
in the. coupling around the rod is filled with hemp packing, 
which may be compressed, if inquired from time to time, 
by screwing in the bushing. The flange at: the bottom of 
the pipe, A, is connected with the pump, li, by the pipe, C\ 
in which is inserted a discharge, as shown. The pump cyl- 
inder is inserted in a emsstee, to opposite sides of which 
are attached ordinary cheek valves. The tee is fastened to 
the base by a plugged piece of pipe, extending through the 
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base and provided with a nut, which clamps the bast 1 tightlv 
The barrel of the pump is in all respects like t lu k press bar 
rel, except in size. 'flic piston consists ol a 'j inch bras' 
rod, to the upper end of which is attached a tec 4 handle. 

A heavy bar of wood is supported over the pipe, A, b\ 
bolts extending through the base and through a re-enltnv 


bectiomu view (if Simple Hydraulic Prenx, 

ing bar under the base. The check valves both open to- 
ward the cylinder, A, and the outer one is provided with a 
rubber suction pipe. Water is drawn into the pump by 
lifting the piston and forced into the press barrel by the 
descent, of the piston. The proportion of the pressure at* 
tained, to the power applied, will be as the area of the large 
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piston to the area of the small one. With pistons of re- 
spectively 2 inches and % inch diameter, a pressure of 3,000 
pounds may be produced easily. If it is desired to create a 
greater pressure, the barrel, A, may be made of hydraulic 
tubing, and a lever may be applied to the pump piston, or 
the diameter of the barrel, A, and its piston may be in- 
creased. 

LATERAL PRESSURES. 

In some experiments already described it was shown 
that hydrostatic pressure is equally distributed on all sides 
of the containing vessel. Fig. 73 illustrates an experiment 

Fig. 73. 



Reactionary Apparatus. 

in which are shown the effects of removing pressure from a 
portion of one side of the vessel, thus allowing the pressure 
to act upon the opposite side of the vessel in such a manner 
as to cause it to move. This experiment is arranged to show 
this action in two ways, one so as to propel the vessel for- 
ward, the other so as to cause it to turn. 

The apparatus consists of a tall tin can — such as is used 
by fancy bakers for wafers or fine crackers — mounted upon 
a wooden float provided with a lead ballast to keep it in an 
upright position. In one side of the can at the bottom is 
inserted a short tube, a, and in diametrically opposite sides 
of the can, also at the bottom, are inserted longer tubes, b, 
which reach over the wooden block and have their ends 
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turned in opposite directions. All of the tubes are stopped,, 
and the float is placed in a large vessel of water, when the 
can is filled with water and the stopper ol the tube, a, is 
withdrawn, thereby allowing water to escape from the can, 
and by reaction drive the can backward. 

When the straight tube, a , remains closed, and the bent 
tubes, b, are opened, the reaction of the issuing streams 
results in the rotary movement of the apparatus. The 


Fig. 74. 



Hydraulic Ram. 

apparatus arranged in this way illustrates the principle of 
Barker’s mill. 

The hydraulic ram, a simple form of which is illustrated 
in Fig. 74, depends for its action on the momentum of the 
water column and upon the elasticity of air. The reservoir 
in the present case consists of an inverted glass bottle hav- 
ing no bottom, and provided with a perforated stopper in, 
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which is inserted one end of a tube, prclerably lead, on 
account of the facility with which it may be cut and bent. 
The other end of the tube is branched, one branch extend- 
ing’ through a stopper inserted in an inverted bottle which 
serves as an air chamber. The other branch of the tube 
extends to the overflow valve. In the stopper ol the air 
chamber is inserted a second tube, which is bent upward 
and curved over, forming the riser. 

The smaller bottle, which serves as a valve chamber, is 
provided with a stopper which receives the branch of the 
supply tube and an overflow tube. The ar- Fie. 75. 
rangement of these tubes is shown in detail 
at 2, the curved tube being the overflow, 
the straight: one the inlet. To the inlet and 
overflow tubes is fitted a valve consisting of 
a metal ball or a marble. The fitting is ac- 
complished by simply driving the ball against 
the end of each tube, so as to form valve 
seats. Four wires are inserted in the stopper 
around the inlet tube to prevent the escape 
of the valve. The distance which should 
separate these tubes, as well as the weight: of 
the ball valve, is determined by experiment. 

In the air chamber above the branch of 
the supply tube is confined a ball valve by a 
cage formed of wires inserted in the stopper, 
as shown at; 3. 'This valve is fitted in the Vi;U of Four 
manner already described. Liquids. 

The discharge tube extends above the level of the reser- 
voir. The reservoir and the tubes are supported by wire 
loops and standards inserted in a base: board. 

Water flows from the reservoir through the valve cham- 
ber and out at: the overflow. When the velocity of the (low 
is sufficient to carry the valve in the valve; chamber up 
against the end of the curved overflow tube, the overflow is 
immediately cheeked, and the momentum acquired by the 
water causes it to continue to flow for an instant into the 
air chamber, compressing the air in the chamber, and caus- 
ing the water to rise in the discharge tube. As soon as 
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equilibrium is established, the valve in the air chamber 
closes and the valve in the valve chamber falls away from 
its seat on the overflow tube, allowing the water to dis- 
charge again, and so on, this intermittent action continuing 
so long as there is water in the reservoir. The water dis- 
charged by the riser is only a fraction of that flowing out of 
the reservoir. 

We have already noticed (Fig. 66) that a liquid will as- 
sume the same level in communicating vessels. The size 
and form of the vessels is immaterial. The smaller one may 
be inclined, curved, or bent in any form and the larger one 
may have any capacity, still the result will be the same. 


Fig. 76. 



Egg in Fresh Water. 


Fig. 77. 



Fig. 78. 



Egg in Equilibrium be- 
tween two Liquids of 
Different Densities. 


When, however, the vessels contain liquids of different den- 
sities, the level will be no longer the same. In such case 
the lighter liquid will stand higher. 

When several liquids of different densities which do not 
mix are contained in the same vessel, there will be stable 
equilibrium only when the liquids are arranged in the orde»* 
of their densities, the heavier liquid being, of course, at the 
bottom. This is ' illustrated by the “vial of four liquids,” 
shown in Fig. 75. A test tube with a foot makes a conven- 
ient receptacle for the liquids. In the bottom of the tube is 
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placed mercury. The second liquid in order is a saturated 
solution of carbonate of potash in water. The third is alco- 
hol, colored with a little aniline red to mark the division 
of the liquids more clearly. The fourth is kerosene oil. 
When these liquids are shaken up, they mix mechanically, 
but when the tube is at rest the liquids quickly arrange 
themselves in their original order. 

The experiment illustrated in Figs. 76, 77, and 7K shows 
the effects of liquids of different; densities. Two pint tum- 
blers or similar vessels are necessary for this experiment. 
Half fill one with water and the other with strong brine. 
Into the water drop an egg. It goes to the bottom ( log. 76), 
An egg dropped into the brine floats (Fig. 77). Hy care- 
fully pouring the brine through a 
long funnel or through a funnel *' ; 

with an attached tube, which will 

reach to the bottom of the tumbler / jfi|| 

containing the pure water, the / jf ||j ! i 

water and the egg will be lifted, / ,/ Hq 

and the egg will float in cquili- y ^4 ill' 

brium at the middle of the tumbler. oil \ 

The first experiment. shows that m.Wr; •• ■ , 
the egg is a little more dense than tip 1 , > 
pure water, the second that; brine ** , kVv\ \;< 

is more dense than the egg, and „„ ,, 

^ tlu* Cartesian Diver, 

the third that the egg can be sup- 
ported in equilibrium between two liquids of different 
■densities. 

The hydrostatic toy known as the Cartesian diver illus- 
trates the several conditions of floating, immersion, and sus- 
pension in equilibrium. In a tall, slim glass tube, closed at 
the bottom and tilled with water, is placed a. porcelain 
or glass figure having a glass bulb attached to its head. 
The glass bulb has a small hole in the bot tom, and is tilled 
partly with water and partly with air, the proportion of air 
and water being such as to just allow the bulb to float. 
The top of the tube is closed by a piece of flexible rubber 
tied over its mouth. The pressure of the lingers upon the 
rubber communicates pressure through the water to the air 
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contained by the bulb, causing tin* air to occupy less spare 
and increasing the weight of the* bulb in proportion to tin* 
amount; of water forced in. As the weight ot the bulb in- 
creases the diver descends, and when the tinker is removed 
from the elastic cover ol the tube, the air by its own elas- 
ticity regains its normal volume, and the bulb, becoming’ 
lighter, rises to the top of the jar. 
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GASES. 


Gases are elastic fluids in which the molecular force of 
repulsion is superior to the force of attraction. Expansion, 
the most characteristic property of raises, is due to this force. 
The limit of the expansive force of a gas is unknown. If 
there were no opposing causes, it would appear that the par- 
ticles of a gas might; sc])arate indefinitely. 

The expansive force of the atmosphere is opposed by the 
earth's attraction ; the air is „ u 

thus 111 a riate of ^equilibrium. 

shown by inclosing a. small j | | 

balloon,* and placing 'the bah . 

loon in the receiver of an air 

mosph pressure from 'the 

in the balloon will expand, clis- \ ‘ 

tending' it as shown in Fig. <So. * P- 

illustrating the diffusion of viLX% V v 

gases, it was shown that ear- nilataLit,I ‘ of hl 11 Vacuum, 

bonie acid gas was very much heavier than air, by pouring 
the gas from one vessel to another, thus to a great extent 
displacing the air in the receiving vessel, in the same man- 
ner as it would be displaced by the pouring in of a liquid. 
In the case of pure hydrogen or illuminating gas, the order 

* I he small in datable. balloons applied to Urn toy squawk ers, and which 
may be; bought any toy store for throe cents, answer perfectly for this expe- 
riment. 
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oi things was reversed; /. to Ml Uk‘ vessel il \\‘is m c t s- 
sary to invert it, so that the air might l»e displaced hy the 
rising 1 of the gas, which is so much lighter than ait. 

To show visibly that one gas is heavier than air and the 
other lighter, a pair of balances may he pressed into 
service. If the balances are not at hand, a pair mar readiU 


Flit. Hi. 



he made of wire, as shown in the engraving. All the pivots, 
should be made V-shaped, to reduce the friction to a mini 
mum. The pivot of the beam should be a little higher than 
the bearing surface of the hooks at the ends of the beam. 
The conical scale pan may be made of paper, by radially 
slitting a disk, overlapping the edges, and sticking them to. 
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getlicr. The paper box for receiving- the gas is five inches 
in each of its dimensions, and is suspended from the scale 
beam by a wire stirrup, so that it may be reversed. After 
bringing the scale to equilibrium in air by placing some 
small weights in the pan, the air contained by the box may 
be displaced by pouring in carbonic acid g-as. The box will 
immediately descend, showing that carbonic acid gas is 
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Gas Whc*ul. 


heavier than air. Allowing the weights in the pan to remain 
the same, the paper box is inverted, when the carbonic acid 
falls out, and air takes its place. The balance beam again 
becomes horizontal. Now, by opening a jar of hydrogen 
under the box, the air is again displaced, this lime, however, 
by the rising of the inflowing gas. When the greater por- 
tion of the air is replaced by hydrogen, the box rises, show- 
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by its buoyancy that its contents arc lighter than air. 
If the balance is allowed to remain lor a time, the cas will 
be diffused, and the balance beam will return a^ain to the 
horizontal position. 

To determine the weight of air, a ^lobe provided with a 
stop cock is completely exhausted and weighed. Air is thru 
admitted and the “'lobe is aj^ibn weighed, when its weight 
will be greater than before. 'The difference between the 
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weight in the first and .second cases will la- the weight of 
the ail- contained by the p-lobe. 

One hundred cubic inches of dry air under an atmo- 
spheric pressure of 30 inches, and at liu- temperature of (», 

J . due-illicit, we ii^’li 31 p' rail is. 1 he same \ ohmic ol t utbotiir 
acid under flu: same condit ions weighs t, » rains, un> cubic 
inches of hydrogen weigh :ri.| grains. 

Air at. the same pressure and al a temperature < >i >,,< is 
about ,p, as heavy as water. 
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In Fig. 82 is shown a very simple wheel, to he operated 
by gases. The wheel consists of a disk of light but stiff card 
board, mounted between two corks on a straight knitting- 
needle, and provided around its periphery with buckets 
formed of squares of writing paper, attached to the per- 
iphery of the disk by two adjoining edges so as to form hol- 
low cones, as shown. The knitting needle is journaled in 
wire or wooden standards, and lubricated so that it. may 
turn freely. Carbonic acid gas may be generated in a 
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Rubber Forctit! Inward by ('rushing Korea of thtt 

Air Pressure. Atmosphere. 

pitcher and poured upon the wheel in the mannei illus- 
trated. By making the wheel large enough and carefully 
balancing it, it may be turned by liberating hydrogen gas 
under the mouths of the buckets. 

To exhibit some of the effects of atmospheric pressure, 
all that is required besides an air pump, or aspirator, is a 
large and heavy lamp chimney. 

The lamp chimney needs no other preparation for use 
than the insertion of a live-sixteenths inch tube in the 
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atmosphere has a very appreciable weight. The same fact 
may he illustrated by tying over the open end of the chim- 
ney a thin piece of elastic rubber, then exhausting (he 
air from the chimney, allowing the external air fo press me 
rubber down into the chimney, as shown in Fig. 84. 

The disruptive power of atmospheric pressure is illus- 
trated by the rupturing of a thin piece of bladder lied over 
the open end of the chimney, as shown in |,' U; >S7 

Fig. 85. When the air is exhausted from the . 

chimney, the bladder, if thin enough, will , * 

burst with a loud report. If the bladder will U 

not readily burst, the rupture may be started 1 

by puncturing it. with the point of a knife. v H 

In Fig. 86 is illustrated a similar ex peri- I 

meat, in which the inwardly pressed dia- I 

phragm is made to raise a weight. A piece ®§f \ 
of rubber cloth is tied over the open end of \\\Y 
the chimney, and a hook is fastened to its 
center by sewing. The cloth is heavily j 

coated with rubber cement: around the sew- 
ing of the hook. A weight, is placed on the 
hook, and the air is exhausted as before. The 
upward pressure of the atmosphere raises the 
weight. This experiment, illustrates the 
action of a form of vacuum brake now ex- 
tensively in use; the weight, representing 
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1 lie pressure of the atmosphere is plainly M ' 
exhibited in the mercurial barometer, the sim- .mm'supportot 
plest form of which is shown in lug. 87 . by Atmospliutir 
It consists of a glass tube about. 36 inches I'luwuur, 
in length, closed al one end and completely tilled with mer- 
cury, the open cud being plunged into a vessel of mercury. 
The column will stand at a height of about 30 inches above 
the level of the mercury in the vessel, showing that, de- 
pressure of the atmosphere under ordinary circumstances 
is equal to that, of a column ol mercury of about the heigh' 
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if i vcn. The weight ni water being l » » that * »1 mrreurv as 
I tn 14*50, the height cit a watei t uhilim supported b\ the 
atmosphere would he about 44 tee!. 

The original mereurial column experiment <4 lh »i rirrlli 
was followed by an experiment t*v Pasral with h proved 
eonelusivelv that (he support o| the men tn ial t nliuuu w as 
(hie tn atmospheric pressure. It consisted in making simul- 
taneous observations nt tun bat 'umcln s one situated at a 
hi<fh altitude, tin* other at a Inuer le\ e|, It was thus shown 
|) V the (h\scrnl of the meat uria! column. at a hi:* h rleva- 
linn, that atmuspherie pressure tlimiuishes in proportion tn 
the aseent. 

\n IM AIM \st\ \ Ml v\ Ml, 

The engraving illustrates an elin umi au pump tut both 
exhaust inn and compression, u hit h ma\ hr made hum ma 
terials costing urn* dollar and hit \ rents, and w if h the c spend 
it lire of nut mure than two or three Imur.' labor, 

With this pump, the entile* range oi mi dinar \ u» utmi and 
plenum experiments mas readily he prjtoimrd In tin* aid 
nl a lew well known and inexpensive aiti* h -au It as lamp 
chimneys, lish globes, a tumhler or mi. and pines u! sheet 
rubber, bladder, etc. 

Fig. 88 illustrates the manner ut using the pump. Figs. 
8(j tn <j2 inrlusive are sectional views nt the pump and its 
valves, Fig. u4 show's a hum nt valve tuj the * umpirvsinn 
pump, and Fig. 04 shows tin* applit ation ut a iu»*t pedal tn 
the pump. The materials required air as follows. A piet e 
nl so-called pure rubber tubing im lies external diameter , 
1 inch internal diameter, and u im lies long , a pin ** of pure 
rubber tubing 1 inch ('sternal diameter, ; meh inter uat 
diameter, and 5 iuehes lung ; a pin e ni heav \ j no r 1 ribber 
tubing ^ inch external diameter and 4 feet lung, two wooden 
valve eastings (shown in Fig. ***»*; a strip ut the best oiled 
silk, jj inch wide and 8 or 10 im lies lone , and some stunt 
thread. 

I hr piere ut one im h rubber tube is utf diagomdlv at an 
angle oi about 40 , so as to di\idr it into two similar pm rs, 
The wooden valve easing is pin red longrtudmalh with a 


one-sixteenth inch hole and transversely with a hole A inch 
s(]uare, and thoroughly shellacked or soaked in melted par- 
atline to render it impervious to air. The longitudinal hole 
is cleared out, and the walls of the square transverse hole 
are smoothed. One of the walls of the square hole into 
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Testing Simple Air Pump. 

which the one-sixteenth hole miters forms one valve seal, 
and the other forms the other valve seat. The valves each 
consist of two thicknesses of the oiled silk strip stretched 
loosely over the valve* seat, and secured by the thread 
wound around the wooden valve easing. It will, of course, 
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work in. The beveled ends of the* rubber tube are arranged 
as shown in the engraving, and the inner ends of the 
wooden valve casings are beveled to correspond, so that 
when the large rubber tube is placed on the -floor and 
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TtmulP* jot Air Pump. 

of the .sticking of the valves, the valve: scats arc rubbed 
over with a very soft lead pencil, thus imparting to them a 
slight coating of plumbago, to which the oiled silk will not. 


Vulvii for ( -ompressitm Pump 


pressed by the foot, there will be* very little air space left, 
in the pump. The four-foot rubber tube is attached to one 
end of the pump for vacuum experiments, and to Ihc* oppo- 
site end for plenum experiments. To avoid any possibility 
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adhere. As an elastic rubber pump barrel of the kind de- 
scribed requires considerable pressure of the foot to insure 
the successful operation of the pump, it is advisable to con- 
struct a treadle like that shown in Fig. 94. It consists of 
two short boards hinged together, the lower one having a 
shallow groove for the reception of the middle part of the 
pump. The edges of the upper board are beveled at about, 
the same angle' as the ends of 1^ inch rubber tube. The 
width of the hinged boards should be somewhat less than 
the length of the chamber in the pump. A mark is made on 
the side of the larger tube at one end to indicate the top,, 
the proper position for the pump being that shown in 
Fig. 88. 

The pressure of the foot on the side of the pump barrel 
expels the air through the discharge valve, and when the 
barrel is released, its own elasticity causes it to expand, and 
while regaining its normal shape it draws the air from any 
vessel communicating with the suction valve. 

A vacuum sufficient for most of the ordinary experi- 
mental work may be produced by means of this pump in a 
short time. A gauge may be improvised by attaching the 
suction pipe to a piece of barometer tube about 30 inches 
long, and dipping the end of the tube in mercury, using a 
yard measure as a scale, as shown in Fig. 88. The pump 
will be found to compare favorably with piston pumps. 

When it is desired to construct a pump of this kind for 
compressing air or for a low vacuum, the elastic tube form- 
ing the pump barrel may be larger and thinner, and the hole 
through the wooden valve casing may be made larger, as- 
shown in Fig. 93, and the oiled silk valve may be replaced 
by a simple rubber flap valve, held in place by a single tack. 

The fish globe forms the receiver of the air pump. It is- 
closed by the soft rubber disk, which is supported by the 
wooden disk, the rubber being secured to the wood by four 
common screws passing through the rubber into the wood, 
about midway between the center and circumference of the 
rubber. Both the board and the rubber are apertured to- 
receive a five-sixteenths brass tube, provided with a fixed 
collar at the top of the wood, and with a screw collar at the; 
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inner end which is turned down upon the rubber, damping 
it to the wood, and at the same time making an air-tight, 
joint around the tube. 

The suction tube of the pump is applied to the small 
brass tube, and the soft rubber disk is pressed down upon 
the mouth of the globe, when the operation of producing a. 
vacuum is begun. After a few strokes of the pump, the 
cover will be retained on the globe by atmospheric pressure, 
and will need no further holding by the hand. 

A great deal of experimental and pract ical work may be 
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done with the simple* air pump described in (he foregoing 
pages. The apparatus required for the vacuum experi- 
ments costs less than the pump. It consists of a iisli globe 
6 in. in diameter, a disk of thick, soft rubber large*, enough 
to cover the fish globe, a plain disk of wood as large as the 
rubber, two 3 in. pieces of live-sixteenths inch brass tubing, a 
lamp chimney with a flange on the lower end, a fork lilting 
the small end of the chimney, a thin piece of bladder, a thin 
piece of very elastic rubber, a small bell, a tumbler, a small 
rubber balloon, some sealing wax, some stout thread, and a 
piece of small wire. 
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1 he fact that water boils at a tcmpci at ui r hrh i\\ ,*i * 
when die atmospheric pressure is removed, i% exhibited b\ 
placing a t umbler ol hot, but not boiling, uatri in (hr te 
eriver, as shown in Kin*, t >5, then exhausting tin* ait tuna tin 
receiver. 

f Vhe bell suspended in the rerriver b\ a li?*hf clash, 
rubber band stretched across a win* loik, uIkn* shank i, 
inserted in the tube oj (he reeeiver nivrr, as shown in hi;*, 
()h > ,n:i y be distinetl v heard when ntu:*' in the i« 1 ri\ ei hrfoir 
exhaustion, but after exhausting the receive*, the hdl wifi 

Kh; , r; . he heal d teebl v , it at all, 

thus show im* t hat the ail 
when Knelled j*> a punt 
s< Mini 1 rtimlm t< *i . 

The iuabibf \ ut s.urltnj 
air to Mtpput t lite i». show n 
hv t he espei burnt dlusl 1 at 
ed hv I ijL*. o’A A iin «t»\r in 
the rerrivet sunn dies u hen 
the air is exhausted. 

A dev ice It n use in t on 
neetion with flir simple an 
pinup lot desii » atiu^; and 
lor removing air fnuu mi 
rnisropr uinimis is shown 
hi h ii4v «,S. If 1 * >masfs of 
Dostrurimn of Lite by Rnnuvnl ol An. <ndiltat V ft Itif fat having 

sr ilderet I in its 1 ovn a shot t 
lube, which is adapted to receive Ihe stu timi lube ol 
the air pump, I In* objects to be treated an* plat cd m the 
jar, tlu- cover put on ami made tight. am! tin- mi. t«..» 
of the pump is applied. 

I lu-sr an* mostly well-known vacuum expciimruts. 
adapted to (lie simplified apparatus. Then- air, ..t ,, m isr. 
many others that may he performed with equal facility U\ 
means of this air pump. 

With the pump arranged for compression, a large mum 
bor of experiments of a different character mav hepntonued 
A reservoir will he needed, like that shown h, I j,.. i.’ 





consists of a piece of ordinary leader, such as may be pro- 
cured from any tinman. It should be 3 or 4 in. in diameter 
and 3 or 4 feet; long. Heads are soldered on the ends, and 
all the seams are made air tight by soldering*. A live-six- 
teenths inch tube is inserted in one end, and another in the 
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side. Thu discharge end of the pump is connected with 
one of (he tubes of the reservoir, and a rubber lube, having* 
at one end a one-sixteenth inch nozzle of metal or glass, is 
connected with the other tube of the reservoir. The air 
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may be confined in the reservoir by doubling the discharge 
tube or applying- to it an ordinary pineli rook. A light 
ball of cork may be supported in the air jet. while* the nozzle 
is held in an inclined position, as shown in Fig. pp. 

By connecting the discharge pipe of the reservoir with 
a spool, in the manner shown in Fig. too. tin* familiar expe- 
riment of sustaining a card, together with an attached 
weight, by blowing down on the* card may hr performed. 


Fro, ior, Fin. mo. 



Ball Experiment. Curd Kxprrimrut. 


A pin passing through the card into the central aperture of 
the spool prevents the card from slipping. 

Fig. ior shows a simple way of exhibiting the bail 
experiment The ball is held in the concavity of tint spool 
by blowing forcibly outward against it. 

In these cases the air issues in a thin sheet, which 
adheres to and carries away the air adjoining the uppri 
surface of the object supported, thereby producing a par 
tjal vacuum into which the object is forced by atmospheric 
pressure. 
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In Fig. 102 is shown an atomizer which may be used 
in connection with the reservoir and air compressor for 
atomizing liquids for various purposes. In the present case 
it is represented as an atomizing petroleum burner. A bur- 
ner of this kind yields a very intense heat, and produces a 
flame 2 or 3 ft. long. The oil in the vertical tube adheres 
to the air forced through the horizontal tube and is carried 

Fig. 102. 
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Atomizing Petroleum lUqma. 


forward with the air in Ihc form of line spray, which readily 
burns as it: is ejected from the nozzle. The vacuum formed 
in the vertical tube is supplied by oil forced up by atmo- 
spheric pressure*. 

ASPIRATORS FOR LABORATORY USE. 

Wherever a head of water of ten feet or more is avail- 
able, an aspirator is by far the most convenient, instrument 
{or producing a vacuum for filtration and fractional distilla- 
tion. It is also adapted to a wide range of physical experi- 
ments. 

Besides the* advantage of convenience and compactness, 
the aspirator has the further advantage over piston air* 
pumps in the matter of cost. It may be had at. prices 
varying from $1.50 to $4 or $5. 
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aspirator, it leaps across the space between the nozzle and 
discharge tube and carries with it by adhesion the air 
from the bulb, which is continually replaced by air from 


the vessel being exhausted. 


It is necessary to securely fasten the ends ol the rubber 
tube connected with the tap, or the water pressure may force 
it off, thus causing the breaking of the instrument. To 
secure the best effects with this pump, it; is- necessary to 
connect a vertical tube 25 to 30 feet; long with the discharge 
end of the pimp). 

The metallic aspirator shown in Figs. 105, iod, and 107 is 
ot course free from all danger of being broken in use, and it. 
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has other qualities which render it 
superior to the glass instrument, one 
of which is a. much higher efficiency, 
another is its ability to retain the va- 
cuum should t he How of water be ac- 
cidentally or purposely discontinued. 

It can be screwed directly on the 
water tap, and needs no additional 
pipe to cause it: to work up to its full 
capacity; and where a. head of water 
is not. available, it; may be inserted in 
a siphon having a vertical height of 
ten feet or more. 

This instrument is known as the 
Chapman aspirator. Like all instru- 
ments ol its class, it is based 011 the principle ol (Ik* (Jiffanl 
injector. The construction of the aspirator is shown in 
section in Fig. 105. 'Plu* water enters at A, as indicated b\ 
the arrow, 'flu* air enters at 11, and both air and water 
are discharged at (\ Tin 1 water in going through the 
contracted passage tonus a vacuum at the narrower part 
into which the air (‘liters. The starting ol the instrument 
is facilitated bv a diaphragm which hall closes t he disehai gc 
tube. The water fs prevented hom entering f he air pipe by 
a small check valve shown in the* interior of the* lateral lube. 
Much of tin* efficiency ol this instrument is due to the 
accuracy with which the contracted passage is formed. A 
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slight dinner ill (111- shape «>l lliis passage- semmsls allerls 
the results. 

The vanillin produced l » \ ilds a 'pitat* u i «|ual n» that 
of the inerrurial barometer, less the tension ot aqueous \ ap< u . 
'Thai is to saw when the barometer i** at im hes, tin* 
vacuum produced by (he aspirator u ill be about *ul incurs, 
Sueh a vacuum run be produced by water uiuha a juessuie 
of live* and one-hall pounds. 

in lot*'. io6 is shown t he aspirator applied to a licisslrr 
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( triv*lr| 4 uhr. 

tube. It quickly exhausts an S inch tube, so that the div 
charge of an induetiou coil will readily pass through. Bv 
placing a tee in the connecting pipe, the ( ieissler tube t an 
lie filled with different gases. Hath will exhibit its peculiar 
color as the spark passes. Idle vaemuu is not high enough 
for a perfected (ieissler tube, but it is sulludent for the 
greater part of vacuum experiments. The aspirator ran be 
arranged to product* a continuous blast sufficient foi tin* 






operation of a blowpipe, and for other uses requiiiug a 
moderate amount, of air or gas uiuler pressure. 

The method of accomplishing this is illustxatcd in hig. 
107. The instrument is arranged to discharge into a bottle 
or other vessel having an overflow, and the air for the blast, 
is taken out through the angled tube inserted in the stopper 
of the bottle. The amount of air pressure is regulated by 
the water pressure and the height; ot the overllow pipe. 

For many vacuum experiments a plate provided with a 
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Blast produced by the Aspirator. 
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Plate* and Receiver for Aftpiratur 


central aperture, and having a tube extending from the 
aperture* to the edge of the plate, will be found useful. The 
tube is provided with a suitable valve, which closes commu- 
nication with the aspirator, and which also serves to admit 
air, when required, to the receiver fitted to the plate*. This 
plate* and various accessories are like the plate and acces- 
sories ol a piston air pump. Communication is established 
between the tube of the plate* and the aspirator by means c if 
a pure* rubber tube*, which is practically air tight. 
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Although the vacuum apparatus already described j* 
veiy simple, it is quite pracl icaiile h . p* i hu m m.iu\ c\peij 
incuts of this class by using (he- mouth as au air pump, t !, u . 
dispensing almost entirely with inerhauism. The opciatiou 
of producing a partial vacuum is laeilitatnl 1,\ rmphuhf i 
valve such as is shown in (lie lelt hand li on.- j-i ; .. , 

I his valve consists of a thick lube ni hud ha\iti ; . a 

horr o| alii mi in, |, 

< >ne end ol t hr- m!.. j 



< "'• ligated to ie, me 
mill" ! pipe, and t>\ e| tie 
"die! end i . tied a '.ah. 
"I elastic I id. her, l! v 

vonuei (jug this 
U it h a stopped • l.e.', f 1 1 ; „ 

In means .I flexible 

1 li I d irl pip* and a ;r[ 

lithe ill the ni ,j (i n e i 
s, *ou II. and then ■ l, ni ,. 
die ail till.. III!, the \,,hr, 
a pafti i! \ -elm m.,* 
ijuit K h h a e i. d in [in 
ltd lie- \ <.* Hum .[j 

he I et. lined !u the I.ili. 

Ml ( hat u lieu 1 he i,(he V 
di ' * >n:iei ted *< , ,d, j i, ,, { 
ltd" . w lull- the hut, , , , 

pressure of the* external air u ill . The I m ^ i £ 

glass tube, din mgli the jet in the ham , f 

.; ui "v <* 

ti ic (l m ,i. s«unlar \va \\ 
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More 11, an two thousand w,., , ... ,, , 

a philosopher and lualhemath-j tll \i. . = ’ ’ 

e.h. 
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because ot its antiquity, as well as its simpliritv an, I « ,..n 
pleteness, is very interesting and insti m ti\t . 

As represented in the engraving, ^ ‘ uav lu ’ rlassrtl u lth 
toys, or at most regarded as only an apparatus !c»r tllu.st rating 
a scientific principle; but it is more than tins. It is the p*»» 
genitor of a number of modern inventions hu tuising natc t 
and producing* air pressure. 

The curious feature of the apparatus is that it appuiruth 
causes the water to rise above its own level bv its own pies 
sure, but such is not the case. Its action is due to the traus 
ferencc of the pressure oi one eoluiun oi wuitei to anotltei 
column of water at a higher level, through the medium of a 
column of confined air. It is as truly a ease ot the applii a 
tion of external power as it would be it a steam ait complex- 
sor were applied. 

The water to be elevated is contained liy the upper bulb, 
which communicates at: its lower side with the fountain 
nozzle, and at its upper side with t hf- downward!) tmml 
tube connecting with the top ol tlie lower bulb. A tube 
connecting with the lower side oi thr lower bulb extends 
upward to the level of the upper bulb, and terminates in a 
Haring cup. 

The upper bulb having been tilled with water and thr 
lower bulb with air, the fountain is started bv pom nig a 
small quantity of water into the rup, which b\ flowing dou u 
ward through the tube connected with the cup rxrils a 
pressure on the air contained by the tower bulb. Tins pies 
sure is equal to the weight ot the column nt water m the 
tube. The air pressure thus created is transferred to thr top 
of the upper bulb by the air column rising from the town 
bulb through the tube connecting the two bulbs, so that thr 
pressure of the water column descending Imiu the cup, less 
a very small allowance for friction, is effective in tutting 
the water out of the upper bulb through the fountain im//lr. 

The proper inclination of the apparatus directs thr water 
jet so that the water falls into the rup and replaces the water 
used in creating the air pressure* in the lower bulb. 

When the lower bulb is filled with water, and thr wain 
has been entirely discharged from the upper bull*, the ;u turn 
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of the apparatus ceases; but it may be again started by 
inverting the fountain, allowing the water in the air bulb to 
run into the upper or water bulb, then righting it and again 
pouring a little water into the cup. 

This device was employed during the last century for 
elevating water in the mines of Hungary. 

In Fig. hi is shown an interesting modification of Hero’s 
fountain. The apparatus is made of glass, to illustrate the 
principle on which it operates. It consists of a volute coil 
of tubing connected at its center with a hollow shaft that 
communicates with a hollow journal box, from which a stand- 
pipe rises. When this coil is turned in the direction indi- 
cated by the arrow, water and air assume in the coiled tube 
positions relative to each other as shown in the engraving; 
the water being arranged in a series of curved columns on 
one side of the center of the wheel, the air being corre- 
spondingly disposed on the opposite side of the center. The 
height to which the water will be raised by this machine is 
equal to the sum of the heights above their upwardly curved 
lower ends of all the curved columns of water contained by 
the coil. It will be noticed that: the pressure of one curved 
column of water in the coil is communicated to the next: 
tli rough the intervening air, which weighs practically 
nothing. 

This machine was invented by Wirtz, of Zurich, in 1746. 

“ In 1784 a machine of this kind was made at Arch- 
angelsky that raised a hogshead of water in a minute to an 
.elevation of 74 feet, and through a pipe 760 feet: long/’ 

IN Kim A UK AIR. 

Although air is a light: and extremely mobile fluid, it has. 1 

sufficient, inertia to permit of the flight of birds, the opera- 
tion of windmills, and the propulsion of sailing vessels. The 
aerial top shown in Fig. 112 is dependent upon the inertia 
of the air. This top is simply a metallic screw wheel, 
adapted to be revolved by means of a string in the same 
manner as an ordinary top. 

With the application of a sufficient amount of force, this 
top will rise to a height of 150 to 200 feet. It can hardly be 
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Fig. 112. 




called a flying machine, as it does not carry its own motive 
power. In the next illustration, however, is shown a flying 
machine which in one sense carries its own power, that is, 
stored power. 

It consists of a light frame furnished at one end with a 
slender rattan bow inclosed in a little 
bag of tissue paper, which forms a sort 
of rudder when the fly-fly ascends, and 
opens like an umbrella when it descends, 
forming a parachute, which greatly re- 
tards the fall. In the crosspiece of the 
opposite end is journaled a little shaft 
formed of a wire having on its inner end 
a loop receiving a number of rubber 
bands, which are fastened to the opposite 
end of the frame. To the outer end of 
the little shaft is secured a piece of cork, Aerial Top. 

in which are inserted two feathers inclined at an angle with 
the plane of the shaft’s .rotation, and oppositely arranged 
with respect to each other. 

By turning the propeller wheel thus formed, the rubber 
Fig. i 13. bands are twisted, and sufficient power 

is stored in them to turn the propeller 
wheel in the direction opposite to that 
required for winding, and thus propel 
the device through the air. 

Another device still more nearly ap- 
proaching the ideal flying machine is 
shown in the annexed cut, Fig. 1 14 being 
a perspective view of the entire bird, 
and Fig. 1 140 an enlarged perspective 
view of the working parts. It is known 

The Fly-Fly. as Penaud’s mechanical bird. 

It is a pretty toy, imitating the flight of a bird very well 
indeed. It soars for a few seconds, and then requires 
rewinding. Two Y-shaped standards secured to the rod 
forming the backbone of the apparatus support at their 
upper ends two wires, upon which are pivoted two wings 
formed of light silk. The wings are provided with light 
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stays, and arc connected at their inner corners with tin- 
backbone by threads. In the Y-shaped standards is jinn 
nalcd a wire crank shaft carrying at its torwaid endatiaus- 
verso wire forming a sort of balance. and serving also as 
key for winding. 'I'he inner end of the crank shall is pin 
vided with a loop to which are attached rubber hands which 
are also secured to a post near the rear end of the apparatus. 
Two connecting rods placed on the crank arc pivotally mu 
nected with the shorter arms ot the levers of the whit's. 
The rear end of the backbone is provided with a rudder. 
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The rubber bands are twisted by turning the shaft In 
means of the cross wire. When the shaft is released, it ts 
turned by the rubber hands in a reverse direction, causing 
the crank to oscillate the wings, which heat the air in a 
natural manner, and propel the device forward. The prin 
ciplc of the inclined plane is involved here, but the plane, 
instead of being rotated, as in all the eases mentioned above, 
is reciprocated. 

The toy boomerang, which is, in some respects, similai 
to the regular article, cannot perform all the feats with 
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which the more pretentious implement is credited ; but it 
can be projected, and made to return over nearly the same 
path. 

The toj' boomerang is made of a piece of tough card- 
board cut on a parabolic curve as shown in the engraving, 
one arm of the boomerang being a little longer than the 
other. When laid on an inclined surface, as shown in the 
engraving, and snapped by a pencil held firmly in one hand 
and drawn back and released by the fingers of the other 
hand, the boomerang is set in rapid rotation by the blow, 
and is at the same time 
projected, the first part of 
the trajectory being practi- 
cally in the continuation of 
the plane in which the 
boomerang is started; but 
when the momentum which 
carries it forward is ex- 
hausted, the boomerang still 
revolves, and maintains its 
plane of rotation, so that 
when it begins to fall, in- 
stead of describing the same 
trajectory as ordinary pro- 
jectiles, it makes a circuit 
to one side and comes back 
toward the point of start- 
ing. The flatness or curv- 
ature of the boomerang and the form of its edges, as 
well as the position in which it is placed for starting, and 
the speed and manner of starting, all have an effect in 
determining the outward as well as the return course of 
the projectile. 


Fig. ii g. 



Boomerang. 


VORTEX MOTION. 

Every one has noticed the symmetrical wreaths of smoke 
and steam occasionally projected high into the air on a still 
day by a locomotive; similar rings may often be noticed 
after the firing of a gun. ft is not uncommon to see a 
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smoker forming such wreaths with his mouth. These ring's 
are simply whirling masses of air revolving upon axes curved 
in annular form, the smoke serving to mark the projected 
and whirling body of air, thus distinguishing it from the 
surrounding atmosphere. The whirls would exist without 
the smoke, but they would, of course, be invisible. 


Fig. 1 16. 



Vortex Rings. 


All the apparatus needed for producing vortex rings at 
will is an ordinary pasteboard hat box, having a circular hole 
of 4 or 5 inches diameter in the cover. Two pads of blot- 
ting paper are prepared, each consisting of six or eight 
pieces. Upon one pad is poured a small quantity of muriatic 
acid and upon the other a similar quantity of strong aqua 
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ammonia. These pads are placed in the box and immediately 
a white cloud is formed, which consists of particles of chlor- 
ide of ammonium so minute as to float in the air. 

By smartly tapping opposite sides of the box, a puff of 
air is sent through the circular opening of the cover, carry- 
ing with it some of the chloride of ammonium. The friction 
of the air against the edges of the cover retards the outer 
portion of the projected air column, while the inner portion 
passes freely through, thus imparting a rotary motion to the 
body of air adjoining the edge of the cover, the axis of 
revolution being* annular. After the ring* is detached, the 
central portion of the air column continues to pass through 
it, thus maintaining the rotary motion. 

When two rings are projected in succession in such a 
manner as to cause one to collide with the other, they behave 
much like elastic solid bodies. By making the aperture in 
the box cover elliptical, the rings will acquire a vibratory 
motion. 

By fastening the box cover loosely at the corners, the 
box may be turned upon its side and rings may be projected 
horizontally. 

It is obvious, that smoke may be used in this experiment 
in lieu of the chloride of ammonium. 
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CUAITKR VIII. 

si u\i>. 

The student ol ueousties need nut .U" I'<\v>md the teuhn 
of toys fur much of his experimental app.u. itus. I he '■"•'•us 
toy musical instruments are eapable ot iltu^t i ;it iul* ih.iuv nl 
the phenomena of sound very satislaetmilv , it t».t quite as 
well as some of the more pretentious appatatuv 

Sound is a sensation of the ear, and is pmdu. ed hy 

sonorous v ihi'ations »U i lit a u , 
It ti la \ In* in thr nafuit »4 a 
nun V Uohr, dtir h * if l e ulai 
vibrations, hkr thr U**mr 4 
wagon tni tin* Mini, it inu\ 
Ih^ a shai | * t i at K * o r v j » 1 » »si* »n t 
like* t In* < i as king *4 a u It i j « » n 
Ukr tin* sound |*i t»t in* r* I in 
thr t ultisiim t»i solid bodws, 
The t lappets, *»i Ittjjir*., u if h 
which all In i\ ,u «* la mi hat , at r 
;m t’\;iiupls‘ »’»! a * lass *4 t*»\s 
wilirll i t rat r sound 1 <\ i on 
cussiuu. and thr sut » rsstoti ut 
sounds | u t sslin * *1 h\ thr * lap 
| iris ;ur nr rguku , am I * hath 
distinct ftum iiiusit.il sounds. 
A surt rssinii »4 sin ft s» minis, 
although occurring with considerable Iteiptem v and pellet f 
regularity, will nut Inrumt* musical until made utth suth 
cient: rapidity to bring them within thr \n u eption of thr 
car as a practically continuous sound, Thr rat fir, or * in keg 
produces a regular but unmusical sound. 

The wooden springs of the cricket snap from our* iati hrt 
tooth to another, as the body c4 tin* cricket is rapid! v swung 
around, making a series of regular taps, which, taken all 
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together, make a terrific noise, having none of the character- 
istics of musical sounds. That a musical sound may be 
made by a scries of taps is Fig. iiS. 

with an endless cord passing 
in opposite directions on the 5: 

tion, then again pulling the 
cord, and so on. 

If, while the disk is re- The Socket, or Rattle, 

volving rapidly, its periphery is brought into light contact: 
with the edge of a piece of paper, the successive taps of the 
Fa;, ny. teeth of the disk up- 


Fa;. uy. teeth of the disk up- 

The \uv//a. vibrations of suffi- 

cient frequency produce musical sounds, and that concus- 
sions, irregular vibrations, and regular vibrations having n» 
* Set; chapter on experiments with the scientific top. 
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slow rate, produce « >n 1 \ noises, It has l“vn detn mined 
that the lowest note appteeiahle In tin* r.n is pi * »* I u* d hv 
sixteen complete uluatious pet second, and the- hie, best h\ 
24,000 complete vibrations per seeoinl. 

vutuvriNii mi*\ 

'['he /vlophone and mrtuliophoue 41 r example*. of mush at 
instruments emplovinL; bee wlontim* toils Mtppustrd at 
their nodes. The /vlophunr consists ot u seises ol wooden 
rods oi dilfereut lengths, bored Uausverseh at the n nodes, 
or points ot least vibration, and Mums; t*»erfhn on t*udv 
The instrumenl tuav rithei lie suspein Ir» i In tin mnt, o* 
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ktid U])on loosely twisted nutls sit tutted at the nodes U\ 
passing the small sphetiia! wooden inalirf a* 1 ompam tice 
the instrument ovej the wooden tods, \ m alterable liquid 
musieal touts ate pnnlmed in tin ul»ult»*u ot the tods, 
and when the rods me strut k in the mallet flirt 1 srld fmir* 
whieli art* very pure, but not ptolotup d, 

1 he cheaper lot ins ot /\ lophour an- futuai In \httmi* tin” 
rods transversely at fheit trnfris the uudei side, in 
means ol a saw, to a depth mjmtrd t-. ihrm the 

bility necessary to the piudmfion ot flu- desurd fourv 
The rods are divided by tin- imilrs into tlur- % dua inu; pat fs. 
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the support ol the entire series ol ban. I lie rrsonutnt is 
tapered both as to width and depth. and serves t * > s;u\itl\ 
increase the volume of sound, although it dues m »1 at I as a 
perfect resonator lor each bar. 

When a bar is struck, its downward movement produces 
an airwave which moves downward, strikes tin* bottom ot 
the resonator, and is reilcclcd upward in time to rr-ruli»rre 
the outwardly moving air wave produced by the upwaid 
bending of the bar. 

The metallophoiu* yields sweet tunrs width are quite 
different: in quality from those* produced bv tin* vibtation ot 
wooden bars. 

The music box furnishes an example ot the* class of instru- 
ments in which musical sounds are produced b\ the vihia 
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tion of free reeds or longues rigidly lietd at one nut and 
free to vibrate at the othei end. Fite tongue's ot the 
music: box are made bv slitting the rdi*r «»t a steel plate, 
forming a comb, which is arrange*! with its teeth pi » ijet tm^ 
into t he paths ol the* pins ot the cvlimtei, w Uu It ate dis 
tributed around and alon.i* thr.cvliudri in the mdrs tiros 
sary to secure tin* inquired mii cession ot tones. The 
cntra^enienl' ol one o{ the pins ot the t \ limb**' with our *»t 
the tongues raised the fondue, which, when liberated, \ iritis 
the note due to its position in tin* t omb, 

The tongues are limed b \ tiling «>i m lapiu^ them at their 
tree* or fixed ends, or 1>\ loading them at then tier' ruds, tu 
this instrument the sonorous vibrations air pmdiu r*i t bv the 
tongue, which itself has the desired pin h. 
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In reed instruments the sounds emitted by the reeds are 
greatly strengthened by resonance. The mouth organ or 
harmonica, is a familiar example of a .simple reed instrument 
without accurately adjusted rcsonatoi’s. 
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When reeds are employed in connection with resonating 
pipes, as in the case of the reed pipes of an organ, the pipe 
synchronizes with the reed, and re-enforces the sound. 
When the reed is very stiff, it commands the vibrations oi 
the air column, and when it is very flexi- Fin. 125, 

hie, it is controlled by the air column. 

The horn is a reed instrument in which 
the lips act as reeds, and the tapering tube 
serves as a resonator. 


I.ONOITlfDfNAl, VIBRATION OF RODS. 

The foregoing arc examples of the 
transverse vibration of tods. 1'he annexed 
figures illustrate; apparatus in which I he* 
longitudinal vibration of rods is shown. 

My grasping a steel rod at the center* 
between the thumb and linger, each of its 
two ends being free, and striking it. upon 
the end with a hammer, the rod can be 
made to yield a sound of very high pitch. 
My holding one end (irmly in a vise, and 
skillfully rubbing the rod, by pulling it 
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end of the tubes. The flageolet is an open pipe in which 
the air is set in vibration by blowing a thin sheet: of air 
through the slit of the mouthpiece against the thin edge of 
the opposite side of the embouchure. The rate of the flut- 
tering produced by the air striking upon the thin edge is 
determined by the length of the pipe of the instrument, the 
length being varied to produce the different notes, by open- 

Fl(J. 128 . 



Flageolet. 

lug or closing the linger holes. By comparing the flageolet, 
with the Pandean pipes, it is found that for a given note 
the open flageolet pipe must be about, twice as long as the 
Pan pipe. When all the linger holes of the flageolet: are 
closed, it is then a simple open pipe, like an organ pipe, and, 
if compared with the. Pan pipe yielding the same note, it is 
found to be just: t wice as long as the closed pipe. If, while 
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Ocorina. 


the holes are closed, the open cud of the flageolet pipe Ik* 
stopped, the instrument will yield a note an octave lower 
if the blowing be very gentle. These experiments show that 
the note produced by a stopped pipe is an octave below the 
note yielded by an open pipe of the same length, and the 
same as that, obtained from an open pipe of double the length. 

The ocorina is a curious modern instrument, of much 
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the same nature as the flageolet. It is, however, a stopped 
pipe, and shows how tones are modified by term and 
material, the latter being elny. It produces a mellow tone, 
something like that of a flute. 

STK I N( ; K I ) l NST K l ’ M 1 * NTS. 

The zither, now made in the form of an inexpensive and 
really serviceable toy* originated in the Tyrol. If consists 
of a trapezoidal sounding board, provided with bridges, 
and having 24 wire strings. 

Its tones are luirp-like, and with it a proficient pluver 
-can produce agreeable musie. Much of the nature* ot the 
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vibration of string's may be exhibited bv means of thin tustru 
meat. On damping one of tin* strings by plat ing the huger 
or a pencil lightly against its renter, ami vibrating t hr string, 
at; llu' same time* removing the pencil, the string will yield 
a note which is an octave higher than its fundamental note. 

By examining (hi* string closely, it will be ascertained 
that at the center there is apparently no vibration, while 
between Ihe (‘enter mid the ends it vibrates. The place u! 
least vibration at the center oi the string is the node, and 
between the node and the ends of t he* st rings are the venters. 
It will thus be seen that the string is practically divided 
into two equal vibrating segments, each of which produces 
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a note an octave higher than that of the open string. That 
the note is an octave higher than the fundamental note 
may be determined by comparing it with the note of the 
string which is an octave above in the scale of the zither. 

By damping the string at the end of one-lourth of its 
length, the remaining portion of the string divides itself into 
three ventral segments, with two nodes between. 

The division of the string into nodes and verniers occurs 
whenever the string is vibrated, and all of the notes other 
than the fundamental are known as harmonics, and impart 
to the sound of the string its quality. 

By tuning the first two strings in unison, the 1 vibration 
of one string by sympathy with the other string may be 
shown. 

CONDUCTION OK SOUND. 

The string telephone, although not a musical instrument, 
nor even a .sound producer, exhibits an interesting feature 1 
in the conduction of sounds. It consists of two short tubes 
or mouthpieces, each covered at one end with a taut parch* 
meat; diaphragm, the two dia- Ki<;. 131. 

phragms being connected 
with a stout thread. By 
stretching the thread so as to 
render it taut, a conversation 
may be carried on over quite 
a long distance, by talking in 
one instrument and listening 
at the other. The vibration 
of one diaphragm, due to the 
impact of sound waves, is 
transmitted to the. other dia- 
phragm by the. thread. String Telephone. 

In the toys illustrated we have a representative of the 
Savart's wheel in the buzz; of the pipe organ in the Ban 
pipes, the flageolet, and the mouth organ; of band instru- 
ments in the bugle*; and of the piano, harp, and othm 
stringed instruments in the zither. 
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Impulses which, omirriiig singly "> •'! im-gul.u inter 
vals, are incapable of producing any noticeable eil.-et-, m.u, 
when made regularlv, under favorable eir etmtst.un rs, mold 
astonishing results. ' Tim rattling of - hut eh uiml.ms In .nt 
waves generated l»v a parlieular pipe..! the organ, a bndge 
strained or broken by the regular tramp <*l soltlicis »i hv 

the trotting of horses, the vibration ot i six 01 eight ‘-ton 

building by a wagon rumbling over tfte pa\ eineut . ■» tot \ 
vibrated to a dangerous degree b\ uuehtuet v o'tiUtinl 
within its walls, a mill shaken from foundation to toot hv 
air wttves generated by wat 'i' falling' "via a dam. .tie all 
familiar examples of the power of tegulat ot h.umoiui 
vibrations. 

1 larmouic: vibrations result tnun regnlath t« tuning 
impulses, whieh may be very slight indeed, but u in u the 
effects of the impulses are added one to another, the at t tun 
illation oi power is some! hues very 

To secure* cumulative ei frets, the impulses must u<*i *m!\ 
be regular in their mrunviuv, hut tin* J *t « l % re* rii ntg Hu* 
impulse's must be able to respond, its vibratory pcii»*d must 
correspond with the period ol the impulses, and, luithri 
than tliis, the impulse's must hear a eeifain trintiou ?*» a pm 
iieular phase of the vibration, iu order that thev uui ad 
upon the vibrating body in such a wav as to augment its 
motion rather than diminish it. 

There, are railroad bridges that vibiute alarmingly* when 
crossed by locomotives running; at a certain speed, the 
vibrations being caused by the comparatively slight Sack of 
balance in the driving wheels and connecting n«K bm 
this reason the speed is restricted on mu h bridge's. 

During the early tests of the East River bridge bed wren 
New York and Brooklyn, it was found that the sirmtuir 
was .so massive and its vibratory period so slow that it t ould 
not be injuriously affected hv t lie marching of turn *<r the 
trolling of horses; consequently! travel proceeds mi this 
bridge as upon any highway. 

A well known English physicist is reported to have said 
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that with suitable appliances he could break an iron girder 
by pelting it with pith balls. An experiment of this kind 
would certainly show in a striking manner the effects of 
very slight rhythmic impulses. As it is manifestly imprac- 
ticable to perform such an experiment, an easier method of 
illustrating harmonic vibrations must be sought. 

In the accompanjung engravings, Fig. 132 shows how* a 
bar of steel may be set in active vibration by drops of water. 
The bar is supported at nodal points upon angular pieces 


Fig. 132 



Harmonic Vibration. 


of wood. Above the center of the bar is arranged a faucet, 
which communicates with the water supply. The bar is 
first vibrated by hand, and the faucet is adjusted so that the 
water drops in unison with the vibrations of the bar. The 
motion of the bar is then stopped, and the water is allowed 
to drop on it. The bar soon begins to vibrate, and in a 
short time the vibration acquires considerable amplitude. 
In Fig. 133 is shown an experiment in which the intermit- 
tent pull of an electro-magnet is made to accomplish the 
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same tiling. In this ease the sire! bar hums a part « *1 tin 
circuit. The magnet is provided with a lit* hi uitmlrn 
spring-pressed arm, carrying' ;l nm *‘ u< | M »hii ami a n in- 
ductor. This arm is arranged tohhlow t he hai upamlduun 
through \ he upper hall ol ils excursion, breaking the* 1 uniat I 
at the median position ol the bar. 1 he tnaguri bermur 
alternately magnetized and demagnetized, am! the Imi m 
alternately pulled down and released. 1 hr bat used in 
these experiments is } inch thirk, i| inches wide, and lert 


Vibration l»y Muignrtir InipuKr, 

long. A much larger bar might lie used. Without doubt, 
(‘von tin iron girder of great .size amt weight might be *.et in 
active vibration by the same means. 

SIMI'I.K Slil'Mi UK. dUtil K. 

I11 Fig. 134 is shown a simple device lot lecotdnu: 
sounds autographic-ally.* The propelling >*t tin- sucked 
plate under the stylus is accomplished bv simph im bum;: 
the .support ol the plate and allowing the plate t< • slide nil 
quickly by its own gravity. 

This apparatus consists of a wooden mouthpiece like 
that of a telephone, with a parchment diaphragm glued t‘« 
its back, and provided with a tracing point, whit h is slighllv 
inclined downward toward the guide for the plate. 

This tracing- point is a common sewing needle, having it*, 
pointed end bent downward. It is cemented at the eye end 

* St;o also chapter on projection. 





SOUND. 


129 


to the center of a diaphragm by a drop of sealing wax. 
The mouthpiece is attached to a base supporting the cross- 
piece upon which the smoked plate is placed. 

A thin strip of wood fastened by two common pins — one 
at each end — serves as a guide for the smoked plate. 

To prevent the tracing point from being deflected later- 
ally by the moving glass, a needle is driven down into the 
baseboard in contact with the tracing point. 


Fig. 134. 



Recorder for Sound Vibrations. 

A very thin rubber band is 
slipped over the tracing point 
and drawn down through a 
small hole in the baseboard, as 
shown in Fig. 135, until the 
necessary tension is secured for keeping the point in delicate 
but continuous contact with the smoked plate. 

The best plates for the purpose of making the tracings 
are the microscope slide glasses with ground edges. They 
may be readily smoked over a gas jet turned down quite 
small, or over a candle or kerosene lamp. The flame in any 
case should be small and the film of smoke fine and very thin. 

The smoked plate is placed on the support and against 
the guide and under the needle, and the instrument is 
inclined until the plate rests against the guide. Now the 
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mouth is placed near (lie mouthipere, and a vowel is uttered, 
while the instrument is inclined sidewise a! a suUu it ut angle 
to permit the glass to slide* t)(l ipiiclviv. t d cum s£ * the* glass 
should fall only a very short distance, and it is well to pro- 
vide a soft surface lor it to alight on. 

If all this is done with the slightest regard for precision, 
a beautiful tracing will In* seminal, which willsliow the com- 
posite nature of cat'll sound wave. 1 he regulai it \ and uni- 
formity of the entire tracing is surprising, considering flic 
comparatively crude means employed in producing it. 

The beginning of the sinuous line is somewhat imperfect, 
owing to the slow initial movement ol the plate* m its 
descent, but the greater portion is perfect. 

After having made tint* line, the pins holding' the guide 
are moved forward, placing tin* guide in a new position, 
when the operation of tracing maybe repeated w ith another 
vowel. Monosyllables and short wools may be m»»rdrd. 
If the plate is made long enough, it will, ut com sr, receive 
an entire sentence. 

These tracings may In* covered with a srouid mirm 
scopic glass plate to protect them, nr t lit* \ m.i\ In* immutrd 
as a microscopic object tor a low powri bv puffing a t bin 
cover over them in the usual way. I’sed as lantern slabs, 
they give line results. 

viukatim; h..\m !■:*.* 

The most jierlet*! exhibition ol vibrating Humes can be* 
made only with expensive apparatus; but the student tan 
get: very satisfactory results by the employment ut stub 
things as are shown in lug. 13ft. A candle, a mhhrj tube, 
an oblong mirror, and a piece of thread are tin* * nth irtjui 
sites, excepting the support for the minor w In h in the 
present: case consists of a pile of books and a little paper 
funnel inserted in the end of the rubber tube and tunning 
the mouthpiece. 

The thread is tied around opposite ends u! tin* oblong 
mirror, and the mirror supported bv passing the thread 
through the upper hook ol the pile*, winch iulsuvoi to allow 
* See nl.se dmpter on wah •»« irtaUi* n»|*. 
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the mirror to swing- freely without touching* the books. 
The mirror is made to vibrate in a horizontal plane by 
giving it a twisting* motion. One end of the rubber tube is 
placed very near the base of the candle [lame, and the other 
end, which is provided with the paper mouthpiece, is placed 
before the mouth and a sound is uttered which causes the 
air contained by the rubber tube to vibrate and impart; its 
motion to the candle flame. The vibratory character of the 
flame is not noticeable by direct observation, but on view- 
ing the flame in the swinging mirror, separate images of 

Fir, 136. 
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Simple Method of Producing and Viewing Vibrating Flames. 

the flame will be seen. These images are combined in a 
scries which, with a certain degree of accuracy, represent; 
the sound waves by which the fluctuations of the flame are 
produced. 

To show that these images result from a vibrating flame, 
it is only necessary to view the flame in the mirror. When 
no sound is made in the mouthpiece, only a plain band of 
light will be seen. 

A somewhat more convenient arrangement of mirrors is 
shown in Fig. 137. In a baseboard is inserted a wire, one- 
eighth inch or more in diameter and about a foot long. ( )n 
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this wire is placed an ordinary spool, and above the spool ft 
thin apertured board (shown in the detailed view), the board 
being about 8 inches long and 6 inches wide. The board is 
perforated edgewise to receive the wire. In the upper edge 
of the board, half way between the center and end, is in- 
serted a wire, upon which is placed a small spool, serving as. 


Fig. 137. 



Rotating Mirror. 

a crank by which to turn the board. Upon opposite sides 
of the board are placed mirrors of a size corresponding to 
that of the board, the mirrors being secured to the board 
by strips of paper or cloth pasted around the edges. The 
image of the flame is viewed in the mirrors as they are 
revolved. 

SPEAKING FIAkE. 

The speaking flame apparatus shown in the annexed 
engravings is based on the principle of the annular burner 
often used in producing the oxyhydrogen light, the prin- 
cipal difference being in the diminished annular orifice. The 
construction of the burner is clearly shown in Fig. 138, the 
detached illustration being an enlarged sectional view of the 
end of the burner. Gas is taken through the central tube, 
and the flexible speaking tube is connected with the outer 
tube of the burner. When the apparatus is used for pro- 
ducing musical and articulate sounds, a resonator is attached, 
as shown in Fig. 138. In this figure the resonator is broken 
away to show its position relative to the burner. 

By screwing the cap of the burner up or down, an adjust- 
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ment may be secured which will cause the flame to repro- 
duce any sounds uttered in the mouthpiece attached to the 
flexible speaking-tube. With a fine adjustment articulate 
speech or any note of the musical scale within the compass 
of the human voice may be reproduced by the flame. 

The slight air waves which reach the burner through the 
flexible pipe act directly upon the base of the flame; this 


Fig. 138. 



The Speaking Flame. 


portion of the flame being more sensitive to disturbing 
influences than any other. This fact has been determined 
by experiments on sensitive flames, such as are described 
further on. By speaking in the mouthpiece while the gas 
is cut off from the burner, it is found that no sound pro- 
ceeds from the burner, thus showing conclusively that the 
sounds are produced by the flame. 
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A Rope of Flame. 
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With a continuous speaking-tube explosive sounds are 
liable to extinguish the flame, but this difficulty may be 
avoided by cutting a longitudinal slit, an inch or so in length, 
in the speaking-tube near the mouthpiece. 

When sounds are uttered in the mouthpiece with suffi- 
cient intensity to cause the flame to respond audibly, the 
sound waves induce longitudinal vibrations of the flame, 
which produce sounds varying in pitch and intensity Avith 
those uttered in the mouthpiece. 

In Fig. 139 is shown a method of analyzing the vibrating 
flame. By means of a revolving mirror an image of each 
separate flame may be seen. In fact, the results are identical 
with those secured by Koenig’s manometric capsule. 

A circular mirror mounted obliquely on a spindle, as 
shown in Fig. 140, so that it will Avabble, is effective in ana- 
lyzing these flames. The image in this case has a crown- 
like appearance. 

In the experiment here shown a flute is employed as the 
source of sound. 

In Figs. 141, 142, 143, and 144 are illustrated some of 
the flame images seen in the revolving mirror. 

COMPOSITION OF VIBRATIONS. 

The optical method of studying sonorous vibrations has 
the advantage over other methods in being of interest not 
only to the student of acoustics, but also to those who care 
only for beautiful effects and have no regard for the lessons 
they teach. 

As incidental to scientific work, the effect of beautiful 
experiments on the latter class may be worth a little con- 
sideration, as it not infrequently happens that the mere 
onlooker is lured into the paths of science by such means. 

Among physical experiments, none are more attractive 
or instructive than those connected with the subject of 
sound. The experiments of M. Lissajous are particularly 
interesting, but when the figures are produced by the appa- 
ratus employed by Lissajous, a costly set of instruments will 
be required. 
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In the annexed engraving are shown two pieces of appa- 
ratus for producing* these figures; that shown in log. 145 
being quite inexpensive, that shown in Fig. 146 being a liltle 



more costly, and, at the same time, more efficient in its per- 
formance. 

The device shown in Fig. 145 consists essentially 
of two plane mirrors, supported by torsional bands of rub- 
ber, one being supported so as to vibrate in a vertical 
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plane, the other in a horizontal plane, the mirrors being 
arranged with respect to each other so that the light re- 
ceived by one mirror will be reflected upon the face of the 
other mirror, by which it will in turn be projected through 
a double convex hand glass of long focus, to be finally 
received on the wall or screen. 

The mirrors employed in the construction of this instru- 
ment are the small, inexpensive circular pocket mirrors sold 
on the street corners. They are about l£ inches in diame- 
ter. To adapt them for use, a strip of tin, having its ends 
curled up to form hooks, is secured to the back of each mir- 
ror by means of sealing wax. 

A baseboard provided with three standards supports the 
mirrors in the position of use. In one of the posts near the 
top are inserted two ordinary wire hooks, and near the bot- 
tom are inserted two similar hooks. Rubber bands received 
in these hooks are inserted in the hooked ends of the strip 
of tin attached to the back of the mirror. Several wire 
nails are driven into the face of the standard, for conven- 
ience in increasing or diminishing the tension of the rubber 
bands, the bands being drawn forward between the- hooks 
and slipped over one or the other of the nails to increase 
the tension. 

The mirror thus mounted on the vertical rubber bands 
will, when struck lightly, vibrate in a horizontal plane. To 
change the rate of vibration, a weight is attached to the 
back of the mirror by means of beeswax. In the present 
case the weight consists of a piece of wire about 6 inches 
long. By varying the position of the wire On the mirror, 
i. e., by placing it at different angles with the rubber bands 
that support the mirror, the rate of vibration may be greatly 
varied. 

The second mirror is mounted in substantially the same 
way, the only difference being that the rubber bands are 
arranged horizontally, and supported by two posts instead 
of one. This mirror vibrates in a vertical plane, and its rate 
of vibration is changed in the manner above described. A 
candle or other source of light is arranged so that the light 
from it will fall on one mirror and be reflected to the other 
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mirror, which in turn will project it through the lens to the 
wall. When the mirrors are set in vibration, a figure of 
more or less complicated character will be produced upon 
the wall. If the two mirrors vibrate in unison, a straight line, 
or an ellipse, or a circle will be produced. If one mirror 
vibrates twice as fast as the other, the figure will have the 
form of figure 8. The figures may be varied to an almost 
unlimited extent by changing the tension of the rubber 
bands, and by shifting the wire weights. As the- various 
figures which may be produced are illustrated in most 
works on physics and on sound, it will be unnecessary to 
illustrate them here. 

The apparatus shown in Fig. 146 will now be understood 
with little explanation, as the principle on which it operates 
is the same as that of the more simple form. The mirrors 
arc each supported by two parallel steel wires, which are 
really but parts of the same wire. The extremities of 
tine wire are securely fastened in the T-shaped head of a 
bolt, which in the ease of the horizontal wires extends, 
through one of the posts, and receives a milled nut, by 
which the tension of the wires may be varied. 

The wire at its mid-length pusses around a small sheave 
in the other post, so that as the wire is tightened the ten- 
sion of its two branches will be equalized. The vertical 
wires are supported in the same way by studs projecting 
from the central post— the lower stud being provided with a 
sheave for receiving the wire, the upper stud being mor- 
tised for receiving the tension screw. 

The mirrors are attached by small clamps which embrace 
both wires, and the arms supporting the adjustable weights 
are pivoted to the damps. The weights may be swung in 
the plane of the mirror, and they are made adjustable on 
their support ing arms. 

The best: illumination aside from sunlight: is that of a 
small parallel beam from an oxyhydrogen or electric lan- 
tern, The apparatus may be coarsely adjusted by turning 
the weighted arms on their pivots, and a liner adjustment 
may be secured by increasing or diminishing t he tension of 
the wires. 
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The re-enforcement: of sounds by the vibration of con- 
fined masses of air may be readily investigated without 
apparatus, that is, such apparatus as is commonly employed 
in acoustical experiments. A very simple experiment: illus- 
trating 1 the fact that a sound may be strengthened by a 
confined body of air is illustrated in Fig. 147. The only 

Fig. 147. 



Ru uuforueim-nt ol Vocal Sounds, 


requisite for tnis experiment is a paper tube id or 18 inches 
long and about; 3 inches in diameter, or, in (lu* absence ot 
such a tube, a sheet, of thick paper rolled, into a tube wilt 
answer. This tube should be held with one. end near tin* 
mouth, the opposite end being dosed by the* palm of the 
hand. By making a sound continuously with tin* voice, 
gradually rising in pitch, for example by singing (), with 
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the voice rising from the lowest note it is capable of making, 
toward the highest note, a point will be round where the 
sound is largely increased. This increase of sound will 
occur at the same point in the scale each time the experi- 
ment is tried with the same tube, thus showing that the 
dimensions of the tube arc in some way related to tin' re-en- 
forced note, and to that only. It will also be noticed that 
the vibrations of the air in the resonant: lube not only affect 
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Selective Power of ;i Resonant WhhcT. 


the auditory apparatus, but also have sullicient power to be 
plainly perceptible to the sense of touch, the vibrations beiim 
felt by the hand. 

Another very simple experiment showing the same phe- 
nomcnon in a different way is illustrated in Fig. i.ps. In this 
case the resonant vessel consists of a vase. Any vessel of 
substantially the same form may he used. The size isnnt very 
material, but by making several trials of different vessels a 
particular one will be found which will yield better result's 
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than others on account of being of the correct dimensions. 
The experiment consists in holding the vase obliquely in 
close proximity to the ear, then running the chromatic scale 
upon any instrument having sufficient range, p ref erabty upon 
a piano or organ. Some note of the scale will sound much 
louder than any of the others. By tilting the vase slightly 
in one direction or the other, so as to cause the ear to partly 
close the mouth of the vase, the resonant qualities may pos- 
sibly be improved, as the movement of the vase in this man- 
ner amounts to tuning the resonator. 

In Fig. 149 is represented an experiment in which the 
mouth is employed as a resonator, and an ordinary tea bell 
as the source of the sound. The tuning is effected by mov- 
ing the tongue back and forth, also by opening or closing 
the lips. By a few trials a position of the mouth will be 
found which will cause it to respond to the sound of the bell 
and act as an efficient resonator. 

The familiar instrument shown in Fig. 150 is used in con- 
nection with the mouth as a resonator. In this example the 
reed of the Jew’s harp is made to yield a variety of tones, 
dependent upon the adjustment of the mouth and the force 
of the breath. The fundamental note of the reed is the 
clearest and best, and always distinctly heard. The forced 
overtones are less satisfactory, but suffice for playing tunes 
that are recognizable. 

The experiment with the bell, represented in Fig. 151, is 
very striking, and is easily performed. The bell is simply 
an old fashioned clock bell or gong fastened on the end of 
a small wooden handle by a common wood screw. The 
resonator is a paper tube of about two-thirds the diameter 
of the bell, provided with a movable portion or diaphragm, 
as shown at A. Although the bell may be set in vibration 
by rapping it with the knuckles or striking it with a large 
sized rubber eraser, it may be more satisfactorily sounded 
by drawing a well resined bow over its edge. The bell is 
held over the mouth of the paper tube, and the diaphragm 
is moved up or down in the tube until a position is reached 
in which the bell will yield a full tone, which is much louder 
than it is capable of giving when used without the resona- 



; tor. The diaphragm is thou fastened by moans ol scaling 

T wax or glue. 

■i To re-onforoo ono of tho uvortonos ol tho boll, tho oppo- 

I site end of the tube is gradually shorlonod by paring oil 

| narrow strips from its edge until it responds to tho high 

tone which the boll is capable of giving out when bowed in 
a particular way. Now, by causing tho boll to vibra'e 
strongly and placing it near opposite ends of the resonator 
■ > in alternation, it will bo found that tin- deeper cavity will 



respond only to the grave note ol the bell, while the shal- 
lower cavity will re-enforce only the overtone to whit h it is 
tuned. In this experiment it will he loom! a little more 
convenient to have separate resonators for the different 
tones. 

In Fig. 152 is shown an experiment which is .substan- 
tially the same as that just described in connection with the 
bell. In this ease two timing forks, A and t\ are used as 
sound producers, and to each fork is adapted a resonator 
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consisting of a paper lube about !i iurh in biamelei ami S or 
IO inches long. Each lube is tuned to the lock in « "une,- 
tion with which it is to be used by inserting a cork and mov- 
ing it until the length of the inclosed air column is such as to 
respond to the fork. It will be found that tin- A .esonator 
will respond only to the A fork, and the (’ resonator will 
rc-onforeo only the sound of the t’ lock. 

In all these oases the resonant tube or ravit\ tone* 
sponds in depth to about one-quarter of a wave length oi 
the particular sound which it is adapted to iv-ruhufi*. t he 
wave proceeding from (he sounding body strikes tin' bottom 
of the resonant chamber and is reflected bark in time to po> 
cecd with the other half of the- wave moving in the opposite 
direction, greatly augmenting- its volume. 

The combination of two series ot sound waves sm»v la- 
made to produce silence if tin* relation nl the two M-iies hr 
such that: the air condensations of one series mint idc with 
the rarefactions of the other series. This may be demon 
strated by holding a tuning fork over its appropriate trso 
nator and turning it until the plane nl vibration ot the Imk 
is at an angle of 45 with the axis oi the resonating tube*. 
By placing tin- fork in the same position relative to the ear, 
the same phenomenon may be observed wit hunt the r rs* mat or. 

MUSICAl. H, AMI'S. 

The experiments oi 'Tyndall and others on sounding 
flames are so interesting and so easily repeated with \vi\ 
simple appliances, that the student ot phvsies, paiinul.uh 
in the department of aeousties, should not tail to 1 rpr.it 
them. The production of musical sounds by means ot 
flames inclosed in resonant lubes is especially e;*.v. Out* 
form of this experiment is illustrated by Mg. i>y 

For the mere* production oi sounds, a metal tube will 
answer, but for the analysis of tin* flame by which t hr sound 
is produced, a glass tube will be required. This tube, 
whether of metal or glass, may be* 40 inches long and one 
inch internal diameter. It should hr* supported in a !»\rd 
vertical position in a suitable support, a litter support, tut 
example. In a lower arm of the support is ptuced ,1 glass 
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side of the lube, at a point where it is about one sixteenth 
inch in diameter, the tube may be broken squa irl\. If may 
then he tried as a burner. II (lie llame \ irlded I » \ ;*,is at 
full pressure is less Ilian Iwn iuehes in length, the tube 
should be again broken off at a point ulirte if is a little 
larger in diameter, and if the opening happens to be too 
large, it may be redueed by holding the extreme end ol the 
tube in a gas llame until it partly I uses, when it w ill » uuttat t. 

The small glass tube is connected with tin* -as supply, 
and 1 he jet is lighted and inserted eentralh in t!te huger 
tube, and moved slowly upward in the tube until a eleat 
musical note is heard. It the llame is iull si/e, the u»»tr will 
be the fundamental note ot the tube. Ih turning otl the gas 
so as to make the llame three fourths tit unr iueh high, and 
again inserting the burner in the tube, a point will be found 
between its former position and the lowct end *»| the tube 
at. which a tone of higher pili'h will be heard, t his is i»m* 
of the harmonies. If the burner with the small tl.une be 
carried further upward into the tube, a point wilt be teat bed 
where both the fundamental and harmonic will hr piodnrnt 
simultaneously. These tom's an* produced In i.ipidU ie 
curring vibrations ol the llame* which art* irudeied uniform 
by the vibratory period of the column of aii contained in 
the tube. 

There are turn methods ol analyzing these flames. Our 
consists in simply shaking the head, or gun klv tolling the 
eyes from side to side, thereby enabling the eve to in rive 
the impressions of the successive Dames in diileiruf positions 
on the retina. The other consists in viewing the image of 
the flame in a .revolving or oscillating nmun. 1U holding 
a looking glass in the hand, opposite* the llame, as shown in 
the engraving, and oscillating the glass, what appeals to be 
a single flame in the tube will he shown in the minor as a 
succession of flames ol like form connected at thru bases, 

Another way of showing the priiodit duu« In of the* 
flame consists in revolving a disk having alternating radial 
bands of black and white, in proximity to the tube, so 
that the disk is illuminated only by the light ol the inter- 
mittent. llame. When the disk attains a propel speed, tin* 


SOUND. 


I49 


intermittent illumination will cause it to appear stationary. 
This beautiful experiment is clue to Toepler, 

By employing a concave mirror instead of a plane one 
.as described above, the image of the llame may be projected 
upon a screen. 

A STM ri,K PIIONOCJRAWI. 

This instrument, which is shown in perspective in Fig. 
154, in section in Fig. 155, and in plan in Fig. 15b, has 



A Simple Phonograph. 


a mouthpiece, A, 1;o which is attached a thin ferrotype 
plate diaphragm, B, by means of a good quality of sealing 
wax or cement. 

Upon the outer face of the diaphragm, and at opposite 
edges, there arc guides, C D, for receiving the wooden strip, 
F. These guides present only a slight hearing- surface to 
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the strip. The guide, D, is rounded to receive the spring*, 
E, which is secured to it by two screws, by which also the 
spring is adjusted so as to bear with more* or less have on 
the small rubber block which rests upon the center ui the 
diaphragm. 

A needle, which is sharpened like* a leather sewing nee- 
dle or awl, is soldered to the spring, and is located directly 
opposite the center of the diaphragm. The* guides, (d l), 
are placed so that the median line* of tlu* strip, l\ is at one 
side of the needle. This strip has four slight longitudi- 
nal grooves, two on each side, which are made* with an 
ordinary carpenter’s gauge. These grooves are located so 
that when the strip is moved through the* guides, one or the 
other of them will pass over the needle. A piece o{ bees- 
wax is rubbed over the sides of the strip to give it an adhe- 
sive coating for receiving the foil used in recording the 
sounds. 

The foil, which should be rather heavy, must he rut into 
strips wide enough to extend beyond tlu* grooves in the 
wooden strip. Tlu* foil is laid on tlu* wooden strip and bur- 
nished down with tlu* thumb nail, so that it will adhere. 
The strip thus prepared is placed in tlu* guides, (' D, and 
the needle is adjusted so that it indents the toil slightly as 
the stick is moved along. 

By talking in the mouthpiece, and at the same time mov- 
ing the strip along with a smooth, steady motion, tlu* sounds 
arc recorded on the* toil. By passing the strip again 
through the guides, so that the needle traverses tlu* same 
groove, and applying to the mouthpiece a paper tunnel or 
resonator, the sounds or words spoken into tlu* instrument 
will be reproduced. It is even possible to record flu* sounds 
on a plain strip of wood so that they may be reproduced. 
The engraving is about two-thirds the actual size of the 
instrument 
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Ten years ago a young man went into the office of 
the Scientific American, and placed before flu* editors a 
small, simple machine about which very lew preliminary 
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remarks were offered. The visitor without any ceiemon} 
whatever turned the crank, and to the astonishment of all 
present the machine said: “ Good morning. How do you 
do? How do you like the phonograph? Ihe machine 
thus spoke for itself, and made known the fact that it was 
the phonograph, an instrument about which much was said 
and written, although little was known. 

It was the latest invention of Edison, and the editois 
and employes of the Scientific American formed the hist 
public audience to which it addressed itself. 1 he young 
man was Mr. Thomas A. Edison, even then a well known 
and successful inventor. The invention was novel, original, 
and apparently destined to find immediate application to 
hundreds of uses. Every one wanted to hear the wonderful 
talking machine, and at once a modified form of the original 
phonograph was brought out and shown everywhere, amus- 
ing thousands upon thousands ; but it did not by any means 
fulfill the requirements of the inventor. It was scarcely 
more than a scientific curiosity or an amusing toy. Edison, 
however, recognized the fact that it contained the elements 
of a successful talking machine, and thoroughly believed it: 
was destined to become far more useful than curious or 
amusing. He contended that it would be a faithful steno- 
grapher, reproducing not only the words of the speaker, 
but the quality and inflections of his voice ; and that letters 
instead of being written would be talked. He believed that 
the words of great statesmen and divines would be handed 
down to future generations ; that the voices of the world’s 
prima donnas would be stored and preserved, so that, long 
after their decease, their songs could be heard. These and 
many other things were expected of the phonograph. It 
was, however, doomed to a period of silence. It remained 
a toy and nothing more for years. Finally it was made 
known to the public that the ideal phonograph had been 
constructed ; that it was unmistakably a good talker ; and 
that the machine, which most people believed to have 
reached its growth, had after all been refined and improved 
until it was capable of faithfully reproducing every word, 
syllable, vowel, consonant, aspirate and sounds of every kind. 
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During the dormancy of the phonograph, its inventor 
secured both world-wide lame and a colossal lortime by 
means of his electric light and other well known inventions, 
lie has devoted much time to the phonograph, and has not 
only perfected the instrument itself, but has established a 
large factory provided with special tools lor its maim tar- 
tare, in which phonographs arc to be turned out in great 
numbers. 

The original instrument consists of three principal parts 
— the mouthpiece, into which speech is uttered; thcspirallv 
grooved cylinder, carrying a shed of tin foil which receives 
the record of the movements of the' diaphragm in the 
mouthpiece; and a second mouthpiece, by which the. speech 
recorded on the cylinder is reproduced. In this instrument 
the shaft of the cylinder is provided with a thread of the 
same pitch as the spiral on the surface of the cylinder, so 
that the needle of the receiving mouthpiece is enabled to 
traverse the surface of the tin (oil opposite the groove ot 
the cylinder. By careful adjustment this instrument was 
made to reproduce familiar words and sentences, so that 
they would be recognized and understood by the listener; 
but in general, in the early phonographs, it, was necessary 
that: the listener should hear the sounds uttered into the 
receiving mouthpiece of the phonograph to posit ively under- 
stand the words uttered by the instrument. 

In the later instruments, such as were exhibited through- 
out' the country and the world, the same difficulty obtained, 
and perfection of articulation was sacrificed to volume of 
sound. 'Phis was necessary, as the instruments wen* exhib- 
ited before large audiences, where, it goes without saying, 
the instrument, to be entertaining had to be heard. These 
instruments had each but one mouthpiece and one diaphragm, 
which answered the double purpose of receiving the sound 
and of giving it out again. Strangely enough, the recently 
improved phonograph is more like the original one t han any 
of the others. It is provided with two mouthpieces, one for 
receiving and one for reproducing. 

The new phonograph, which is shown in Kig. 157,1s of 
about the size of an ordinary sewing machine. In its eon- 
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struction, it is something like a very small engine lathe ; the 
main spindle is threaded between its bearings, and is pro- 
longed at one end to receive the hardened wax cylinder 
upon which the sound record is made. Behind the spindle 
and the cylinder is a rod upon which is arranged a slide, 
having at one end an arm adapted to engage the screw of 
the spindle, and at the opposite end an arm carrying a piv- 
oted head, provided with two diaphragms, whose positions 
may be instantly interchanged when desirable. One of 
these diaphragms is turned into the position of use when it 
is desired to talk to the phonograph, and when the speech 
is to be reproduced, the other diaphragm takes its place. 
The glass diaphragm, which receives the speech and makes 
the impressions upon the cylinder, is shown in Fig. 159. 
The needle by which the impressions are made in the wax 
is attached to the center of the diaphragm, and pivotally 
connected to a spring arm attached to the side of the dia- 
phragm cell. The device by which the speech is repro- 
duced is shown in section in Fig. 160. d'he cell contains a 
delicate glass diaphragm, to the center of which is secured a 
stud connected with a small curved steel wire, one end of 
which is attached to the diaphragm cell. The spindle of the 
phonograph is rotated regularly by an electric motor in the 
base of the machine, which is driven by a current from one 
or two cells of battery. The motor is provided with a sen- 
sitive governor which causes it to maintain a very uniform 
speed. The arm which carries the diaphragms is provided 
with a turning tool for smoothing the wax cylinder prepar- 
atory to receiving the sound record. 

The first operation in the use of the machine is to bring 
the turning tool into action and cause it. to traverse the cyl- 
inder. The turning tool is then thrown out, the carriage 
bearing the diaphragms is returned to the position of start- 
ing, the* receiving diaphragm is placed in (he position ol 
use, and as the wax cylinder revolves, the diaphragm is 
vibrated by the sound wave's, thus moving the needle so as 
to cause it to cut into the wax cylinder and produce inden- 
tations which correspond- to the movements of the dia- 
phragm. After the record is made, the carriage is again 
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returned 1:o the point ol starting, the reeei\ iiig diaphragm 
is replaced hv the reproducing diaphragm, and the carriage 
is again moved lorwaril !>y the screw, as the cylinder 
revi lives, causing the point ol llie reproducing diaphragm 
to traverse the path made by the recording needle. As the 
point of the curved wire attached to the diaphragm billows 

Km. mi. 
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Receiving Diaphragm. Speaking Diaphragm 


the indentations of the wax cylinder, the reproducing din. 
phraj^m is nmde to vibrate in a manner similar to f hut of the 
receiving diaphragm, thereby fait h lull v reproducing the 
sounds uttered into the receiving mouthpiece. 

A crucial test of the capabilities of this machine was 
recently made in our presence, at Kdisnn’s laboratory, near 
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Llewellyn Park, Orange, N. J. A paragraph from the morn- 
ing newspaper was read to the machine in our absence, and 
when upon our return to the instrument it was reproduced 
phonographically, every word was distinctly understood, 
although the names, localities, and the circumstances men- 
tioned in the article were entirely new and strange to us. 
Another test of the perfection of the machine was the per- 
fect reproduction of whistling and whispering, all the imper- 
fections of tone, the half tones and modulations even, being 
faithfully reproduced. The perfect performance of. the new 
instrument depends upon its mechanical perfection— upon 
the regularity of its speed, the susceptibility of the wax cyl- 
inder to the impi*essions of the needle, and to the delicacy 
of the speaking diaphragm. No attempt is made in this 
instrument to secure loud speaking— distinct, articulation 
and perfect intonation have been the principal ends sought. 

A highly magnified section of the phonograph cylinder, 
showing the indentations, is illustrated in Fig. ifit ; A repre- 
senting a section of the face of the cylinder, B a transverse 
section of a portion of the cylindrical wax shell, and C 
showing a less magnified face view of a small portion of the 
cylinder. 

The new phonograph is to ho used for taking dictation 
for taking testimony in court, for reporting speeches, for 
the reproduction of vocal music, for teaching languages, for 
correspondence, for civil and military orders, for reading to 
the sick in hospitals, and for various other purposes too 
numerous to mention. 

Imagine a lawyer dictating his brief to one of these litt le 
machines; he may talk as rapidly as he chooses, every word 
and syllable will be caught: upon the delicate wax cylinder, 
and alter his brief is complete he may transfer the wax cyl- 
inder to the phonograph of a copyist', who may listen t,o the 
words of the phonograph and write out: the manuscript. 
Tlu: instrument may be stopped and started at. pleasure, and 
if any portion of the speech is not: understood by the tran- 
scriber, it: may bo repeated as often as necessary. 

In a similar manner a compositor may set: his type directly 
from the dictation of the machine, without the necessity of 
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u copy,” as it is now known. Mr. Edison says that the 
whole of “ Nicholas Nickleby ” could be recorded upon four 
cylinders, each 4 inches in diameter and 8 inches long, so 
that one of these instruments in a private circle or in a 
hospital could be made to read a book to a number of per- 
sons. This is accomplished by means of a multiple earpiece. 

The little wax cylinders upon which the record is made 
are provided with a rigid backing, and the cylinders are 
made in different lengths ; the shortest — one inch long— hav- 
ing a capacity of 200 words, the next in size 400 words, and 
so on. These cylinders are very light, and a mailing case 
has been devised which will admit of mailing the cylinders 
as readily as letters are now mailed. The recipient of the 
cylinder will place it on his own phonograph and listen to 
the phonogram — in which he will not only get the sense of 
the words of the sender, but will recognize his expression, 
which will, of course, have much to do with the interpreta- 
tion of the true meaning of the sender of the phonogram. 

Fig. 158 is a life-like picture of Mr. Edison photo- 
graphed while he listened to his first phonogram from 
abroad. 

A very interesting and popular use of the phonograph 
will be the distribution of the songs of great singers, ser- 
mons and speeches, the words of great men and women, 
music of many parts, the voices of animals, etc., so that the 
owner of a phonograph may enjoy these things with little 
expense. 

It may even be pressed into the detective service and 
used as an unimpeachable witness. It will have but one 
story to tell, and cross examination cannot confuse it. 

REFLECTION AND CONCENTRATION OF SOUND, 

The particular action of sound to be dealt with here is 
that of reflection, examples of which are presented in every 
echo ; and whispering galleries are but the exhibition of the 
same thing, although more rare. A few of them have a 
world-wide reputation. 

In his article on sound in the “ Encyclopaedia Metropoli- 
tana,” Sir John Herschel mentions the abbey church of St. 
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Albans, where the tick of a watch may be heard from one 
end of the edifice to the other. In Gloucester Cathedral a 
gallery of octagonal form conveys a whisper 75 feet across 
the nave. In the whispering gallery of St. Paul's the faint- 
est sound is conveyed from one side of the dome to the 
other, but is not heard at any intermediate point. The 
dome of the capitol at Washington is an excellent whisper- 
ing gallery. These effects are due to an accidental arrange- 
ment of the walls. 

Sails of ships are sometimes inflated by the wind so that 
they act as concentrating reflectors of sound. Arnott says 
that in coasting off Brazil he heard the bells of San Salva- 
dor from a distance of no miles, by standing before the 
mainsail, which happened at the time to assume the form of 
a concave reflector, focusing at his car. 

Sounds may be received and reflected by means of 
metallic parabolic reflectors, so that many times the volume 
of sound that naturally strikes the ear will be concentrated 
rendering sounds audible that might otherwise be too distant 
or too faint to be heard. Such reflectors of necessity have a 
fixed form, and are available under certain conditions only. 
The accompanying engraving (Fig. 162) represents a sound 
reflector that may be focused as readily and directed as 
easity as a telescope. It is, in fact, a portable and adjustable 
whispering gallery, having many useful applications. 

The instrument is very simple, consisting essentially of 
an airtight drum, one head of which is rigid, the other elas- 
tic. This drum, or more properly reflector, is mounted on 
pivots in a swiveled support, and is provided with a flexible 
tube having a mouthpiece and stop cock at its free end. Two 
wires are stretched across the face of the reflector at right 
angles to each other, and support at their intersection a small 
plane mirror, the office of which is to determine the posi- 
tion of the reflector in relation to the direction of the sound. 
A small ear trumpet or funnel, which is shown on the table, 
is used in connection with the reflector, to increase its effect 
by gathering portions of the sound that might escape the 
unaided ear. 

The reflector is adjusted by looking through the ear 
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trumpet toward the small plane mirror, and moving the 
sound reflector until the source of sound is seen in the mir- 
ror. The reflector is then focused by exhausting the air 
from behind the flexible head until the required degree of 
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concavity is reached, which will be when sounds are dis- 
tinctly heard in the ear trumpet. The air is readily 
exhausted from the reflector by applying the mouth to 
the mouthpiece. The details of the construction of the 
apparatus are shown in the engraving. 
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Of course, the operation of the instrument, may Ik* 
reversed — that is, sounds made at the focus of the reflector 
may be projected in parallel lines over long distances, but 
in practice a speaking trumpet is found to be better for tin’s 
purpose. The engraving shows but. one of the applications 
of the reflector. It would be a simple matter to provide 
for a deaf person an instrument on this principle. I t could 
hang on the walls of the parlor unnoticed, as it: might take 
the form of a richly framed picture, and would concentrate 
a great volume of sound at a single point. The same device 

Fig. 163. 



Rejection of Light siml Sound. 

may also be applied to an auditorium to project the. voice of 
the speaker in any required direction. 

To concentrate and project light, heat, and sound by 
means of concave mirrors is generally supposed to necessi- 
tate the use of expensive parabolic mirrors, articles practi- 
cally out. of the reach of amateur experimenters, and not to 
be found in every institution of learning. 'To perform most 
of the experiments possible with concave mirrors, the* spun 
metal reflectors used in large lamps answer exceedingly 
well. The projection of images and the accurate determi- 
nation of the foci are the only experiments impossible wit h 
such reflectors. The largest: size to be found ready made is 
10 inches in diameter, with a principal focus of about S or 9 
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inches. The price is $1.50 per pair. To prepare them for 
use, two common wood screws are secured to them at dia- 
metrically opposite points, the heads of the screws being 
soldered to the edges of the mirrors, so that the screws pro- 
ject radially. Each mirror is provided with a stand formed 
of a base and two uprights. The wood screws project 
through the uprights, and are provided with wooden nuts. 

To facilitate the experiments to be performed with the 
concave mirrors, two or three small stands are required. It 
is desirable that these stands be made adjustable. If noth- 
ing is at hand that will answer the purpose, a very good 
adjustable stand may be made by soldering a disk of tin to 
the head of a 4 inch wood screw, and inserting the screw in 


Fig. 164. 



a short column, as shown in the engraving. A paper trum- 
pet, 8 inches in diameter at the larger end and 2 feet in 
length, is useful, and a rubber tube having a small funnel 
at one end and an ear piece at the other end is necessary. 

To show the concentrating power of one of these com- 
mon reflectors, place it so that its concave surface faces the 
sun. Then place a piece of dark-colored cloth in the focus. 
It is at once ignited. 

Place two reflectors, A B, 4 or 5 feet apart, with their 
concave surfaces facing each other, as shown in Fig. 163. 
Place a short candle on the stand, D, so as to reflect a par- 
allel beam that will cover the reflector, B, as nearly as possi- 
ble. Then place a watch, E, in the focus of the reflector, B, 
upon the stand, F. Now hold the funnel, C, with its mouth 
facing the reflector, A, and immediately behind the candle, or, 
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better, remove the candle and place the funnel in the position 
formerly occupied by the candle flame. With the funnel at 
this point the ticking* of the watch will be distinctly heard, 
but a slight movement of the funnel in either direction will 
render the ticking inaudible. This experiment shows that 
the laws governing the reflection of light and sound are the 
same. 

In Fig. 164 the use of the trumpet in connection with a 
concave reflector is illustrated. The reflector, A, is adjusted 
to the trumpet, B, by means of the light of a candle placed 
on the stand in the focus of the reflector. Afterward the 
candle is replaced by the watch. With this arrangement the 
watch may be heard twenty or thirty feet away. 

TREVELYAN ROCKER. 

This apparatus consists of a short piece, A, of lead pipe, 
;about an inch in diameter, and a piece, B, of thick brass 
tubing, about *| inch outside diameter and five or six inches 
long. The lead pipe is flattened a little to keep it from roll- 
ing, and the surface along the side which is to be uppor- 
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most is scraped and smoothed. The brass tubing, B, is 
filed thin, upon one side, near one end, and the dnin part 
is driven in with the pein of a hammer or a punch so as 
to leave the longitudinal ridges, a a , as shown in the end 
view in Fig. 165. 

When the brass tube is heated and placed across the 
lead pipe, as shown in Fig. 165, with the ridges, a a y in 
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contact with the lead pipe, the brass twin' begins to mck, 
invisibly, ol course, but with sutlieieut taunt* \ to *4,i\e ba th 
a dear musical note. It it tltu*s tint statt o| itsclt, a little 
jarring will set it tfointf. ami it will continue to;;ive forth its 
sound tor some < ime. 

The. aceepted explanation ol this phenomenon is that the 
contact of tlu* lu >t brass with the lead eauses the leatl to sud- 
denly expand and pmjert a mirroseupie distance upward. 
These upward project ions ol the lead alternate between the 
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two points of contact, and thus cause the tube h» i«*ck will* 
great rapidity am! regularity. 

In Fig. Kit* is shown it tuoditit atiou ot the e\pn uncut, in 
which t he lead is indent cal It 1 tone the two 1 out at t an tat v\ h 
a d % and t he heated bar, B, is math* to n»i k at a i«»mj«ata 
lively slow rale, 14 iv it ig forth a grave n<»tr, !h * uirtu! man 
ipulation, the bar may be* made to oak hofh huighudiiutly 
and laterally, thus giving forth aihvfhtim t Miuhiuatiou of 
the two sounds. 


KF.HCU ilt'N *U si»t a \!». 

In Figs, Uij and u*S is illustrated an ad jo .table lens for 
showing tlu* retraction o! sound. The fiaum of the lens 
consists of three ta inc h ii 114s ol huge wire, s«*Idried to 
gather so as to form a single wide* rim* with two tireumfei- 
ential grooves. In the central part of tin* 1 11114, at the hot 
tom, is inserted a standard, and in the top is inserted a short 
metal tube. Over the edges of the ring are stirti lied disks 
of the thinnest elastic rubber, which air set. tiled bv a stout 
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thread wound around the edges °1 the rubber, clamping 
them in the grooves of the ring. 

By inflating the lens through the tube with carbonic acid 
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gas, it may be focused as desired. A watch placed at the 
focus upon one side of the lens can be distinctly heard at the 
focal point on the opposite side of the lens, when it can be 
heard only faintly or not at all at points 
only .slightly removed from the focus, thus 
showing that the sound of the ticking of 
the watch has been refracted by the lens in 
much the same manner as light is refracted 
by a glass lens. 


SKNSITTVK KLAMKS. 

The sensitive flame, first observed by Dr. 
Le Conte and afterward developed by Tyn- 
dall and Barrett, exhibits some of the curious 
effects of sound. For its production it. is 
necessary that the gas be under a pressure 
equal to that of a column of water six or 
eight inches high. The common method 
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Fig. 169. 


of securing the required pressui e is to take the gas from a 
cylinder of compressed illuminating gas, such as is used 
for calcium lights. Another method is to take the gas from 
a weighted gas bag, and still another is to fill a sheet 
metal tank with gas and displace it with water in the man- 
ner illustrated in Fig. 170* The burner is shown at I, 2, and 

3, Fig. 169. It consists of a small 
tip inserted in the end of a suit- 
able tube. The tip in the pres- 
ent case is made of brass, but 
those commonly used for this, 
purpose are of steatite. They 
are superior to the metal ones,, 
but require careful selection. 

It has been found that some 
of the lava pinhole burner tips 
used in certain kinds of gas- 
stoves answer admirably for this 
purpose, and cost very little. 
A tip with a round, smooth hole 
is to be selected. The bore of 
the tip is here shown tapering.. 
Its smaller diameter is 0*035 
inch. The burner is supported 
in the manner shown at 1 and 2, 
or in any other convenient man- 
ner, and gas under a suitable 
pressure flows through and is. 
ignited. The flame will be tall 
(, and slender, as shown at 1. By 
regulating the gas pressure care- 
Burner for Sensitive Flame. fully, ail adjustment will be 

reached at which the flame will 
be on the verge of flaring. A very slight increase of 
pressure beyond this point will cause the flame to shorten 
and roar. When the flame is at the point of flaring, it is. 
extremely sensitive to certain sounds, particularly those of 
high pitch. A shrill whistle or a hiss will cause it to 
flare. The rattle of a bunch of keys will produce the 



SOUND if; 

same result. It will respond to every tick or a waxen neld 
near it. 

Tyndall says that when the gas pressure is increased be- 
yond a certain limit, vibrations arc set up in the gas jet by 
the friction of the gas in the orifice of the burner. These 
vibrations cause the flame to quiver and shorten. When 
the flame burns steadily, any sound to which the gas jet will 
respond will throw it into sympathetic vibration. Experi- 
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Apparatus for producing- Gas Pressure for the Sensitive Flame. 

ment has demonstrated that the seat of sensitiveness of the 
flame is at the base of the flame, at the orifice of the burner. 

The method of producing the required gas pressure 
illustrated in Fig. 170 is available when gas bags or cylinders 
of compressed gas are not to be had. /V tin cylinder of 
about 15 gallons capacity is provided at the top and bottom 
with valves. The lower valve is connected with a hydrant, 
and the cylinder is filled with water, while the upper valve 
is left open to allow of the escape of air. When the eylin- 
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dcris tilled with water, the supplv is shut ott aud a tube 
In mi a ^as 1 )ii rue r is connect et 1 with the n ppei \ a 1 \ e am ! i i i« 
o*as is t unu'd on, Then t Ik* water is allow cd l< *t -m a pi’ In m 
the cylinder, thereby drawing in the i;.is When the e\ lin 
tier is tilled with s^ns, the valves are closed and the lout i 
one is a^ain connected with the hvdtant, while the tipper 
one is connected with the pinhole Imnni, 1 In* valves mi 
t lu* cylinder are a^aiu opened and water is udiuittid at tin 
rate required to p null tee the desir ed e,as pi p.mii e. ( hn v l w * 
prccauth ms are neressurv in 1 his experiment ; one is toavoid 
a mixture of air and i»'as in \ he cylinder l»v diiviiu* out all 
y u , I7l the ail, tin* other is to avoid 

the s| rainint* ot the e\ iiudet 

4 1 1 % watei pressure. 

Another se nsitive Haim , 
which has several ad\ .intakes 

o\ n the one dest 'filled, is 
shown in hi;;, !/*. It ir 

if T \ anti it is more icadilv ton 

4 |1 t trolled than the tall jet. It 

I a-- 1 1 - \ was discos end 1 * \ Mr, rhihp 

If - ’ _ nl i.^ Bans, anti tin dra oven i s 

letter' to Mr, l v udall t onr ern 
>0 in& tt is lotmtl in Tyndall's 
Sensitive Flame with Oas at work otr sound, tu the pro 
Oulituuy Pressure. ductioti o! thisilamr a pinhole 

burner, like that already described, is rmpiosrd, Iwo 
inches above the burner is supported a pine *4 i.'inrJi 
wire j^auze, about 0 inches squatr. I hr »*as turned ou 
and lit above tlu* wire rpiu/e. It burns in a t ouit ,d llamr, 
which is yellow at tlu* top aud blue* at t he Sum , When the 
^as pressure is strong, the* Hume rout s r< urt unions! \ . When 
the f^as is turned oil, so as to stop the matin;* alhu*ii in j , 
the* flame burns steadily and exhibits no more smsitiv rm**^ 
than an ordinary Hume. By turning on the rprs slow h and 
steadily, a critical point will be seat hed at ulm h auv hissing 
noise will eause it to roar amt hmuur non luminous. Any 
degreeof sensitiveness may he attained b\ taietul adinst. 


Sensitive Flame with O.e. at 
Oulinuiv PtesMire. 




ment of the gas supply. A quiet room is required for this 
experiment. The rustle ol clothes, the ticking of a clock, a 
•whisper, a snap of the finger, the dropping of a pencil, or in 
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Determining Speed by Resonance, 


Siren for Measuring Velocities 


fact almost any noise, will cause it to drop, become non- 
luminous, and roar. It dances perfect: time to a tune whistled 
staccato and not too rapidly. 

The flame at its base presents a large surface to the air, 





Details of the Siren. 

may be adjusted to respond to different pitches. Knowing* 
the number of vibrations required per second to produce a 
certain pitch, it is comparatively an easy matter to deter- 
mine the rate of any series of regular air vibrations by- 
adjusting the tube to such a length as to cause it to respond 
to the vibrations. 

In Fig. 172 is shown a resonant tube supported over a 
small fan wheel. The fan has ten blades, so that during one 
revolution it sends ten puffs of air up the tube. By gradu- 
ally increasing the velocity of the fan a speed will be reached 
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at which the tube yields a low but distinct musical tone. If,, 
for example, this tone corresponds to middle c, it is known 
that 261 puffs of air are made in the tube, and that since 
there arc ten blades to the fans, the number of revolutions 
of the fan shaft must be 261-*- 10=26- 1 per second, or 1,566 
revolutions per minute. 

In Fig. 173 is illustrated a siren constructed on this prin- 
ciple. The parts of this instrument are shown in detail in 
Fig. 174. It consists of a circular casing containing a ro- 
tary fan which draws in air at the center and discharges it 
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Centrifugal Siren. 


through an opening in the top of the casing. The blades of 
the fan are arranged radially upon opposite sides of the disk, 
and the fan is encircled by a perforated rim, which, fits the 
circular casing and acts as a valve in controlling the escape 
of air. The perforations of the rim correspond in number 
and position with the fan blades. 

The discharge opening of thecasing is provided with a 
socket for receiving a resonator. The resonator shown 
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in Fig. 173 consists of a pair of tubes made to slide 
telescopically one within the other, the inner one being 
graduated to indicate the different lengths required for dif- 
ferent pitches, and consequently for different speeds. As 
the fan revolves, the air drawn in through the holes at the 
center of the casing is thrown outward by centrifugal force, 
thus maintaining a pressure of air at the periphery of the 
fan. The holes in the rim of the fan allow the air to escape 
in regular puffs, the frequency of which depends upon the 
velocity of the fan. These puffs produce sounds varying in 
pitch and intensity with the speed of the fan, and the reso- 
nating tube re-enforces the particular note to which it is 
tuned, so that when a speed is reached corresponding with 
the adjustment of the tube, the fact is known bj' the 
superior strength of that particular note. Any change 
of speed may be detected by the lessening of the intensity 
•of the sound and the change of pitch. 

The siren is shown in Fig. 175 in connection with me- 
chanism for driving it by hand. It is provided with a rev- 
olution counter and with a trumpet-shaped resonator. It is 
•designed to be used in the same manner as the siren of 
Cagniard Latour, and, like that instrument, it yields sounds 
Hinder water. 
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Cl l APT KR IX. 

KXPURUIKNTS wmt THK SCIKNTIKre Top. 

Several experiments possessing more or less interest are 
illustrated in Plate III. This chapter is introduced at this 
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hxptirmicnt.s with tlui Sdc'milii: Top- 

point on account of the relation of its subject matter to the 
preceding and succeeding chapters. 

I he ability oi the heavy top to run lor a long time and 
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maintain an equable motion renders it particularly service- 
able in experiments requiring unilnrmitv * >1 action. 

Two experiments in sound are illustrated : t, Plate (11, 
showing the adapt at ion of a simple siren to the top, ami 2, 
Plate 111 , Savart's wheel. The siren consists ot a disk nl 


pasteboard, ha vine,' four eccentric rows ot >« inch holes, 
there being 12 holes in the inner row, 15 in the next, iK in 
the next, and 24 in the outer row. 1 he disk is varnished 
with shellac to render it waterproof. It is mounted on a 
elntck fitted to the tapering hole of the top spindle. When 
the disk is rapidly rotated by the top. and a jet of air is 
blown upon either row of holes through a flexible tube pro- 
vided with a small glass or metallic nozzle, a musical sound 
will be produced by the air pulsations caused by the inter- 
ruptions of the air jet, by the perioral ed disk. The sounds 
produced by the different rows of holes are those ot the 
perfect major chord. Uy holding a card so that its corner 
will touch the perforated disk at any row ol holes, it will he 
found that the taps of the card will produce the same tones 
as the puffs of air from the tube. Savart's wheel is simply 
a toothed disk fitted to the chuck and adapted to lie rotated 
by the top. When the disk is turned very slowly, with the 
edge of a card held against the teeth, a series o! little taps 
are heard, which do not at all resemble a musical sound ; 
but when the wheel is revolved rapidly by the top, the eon- 
tact of the card with its periphery produces a sound that 
may fairly be called musical, the sound being composed ot 
the rapidly repeated taps. 

At; 3, Plate 111 , is shown a disk similar to that used for tin* 
siren, but having double the number of holes in each circu- 
lar row. The holes are t-K inch in diameter. The disk is 
blackened to render the effects more conspicuous, and the 
hole in the center of the disk is evicted to prevent wear. A 
metal disk, secured to a tapering spindle fitted into the top 
spindle, curries a crank pin 3-P> inch from the axis of rota 
lion. The eyelet, of the disk is pku ed loosely on this crank 
pin, and when the crank is revolved by the top the disk is 
gyrated; every part of its surface being math* to travel in 
.a circular path 3-S inch in diameter, when sufficient trillion is 
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applied to it to prevent it from rotating with the top. In this 
ease each perforation of the disk forms a circle, and the 
■circles formed by the entire series of holes interlace, ap- 
pearing like so many chain links interlocked. By allowing 
the disk to revolve at different speeds very complicated 
figures are produced, sometimes like lacework, sometimes 
like twisted chainwork. Occasionally one part of the fig- 
ure will appear to turn in one direction while another part 
turns in the opposite direction. Some of these figures are 
shown at 4 and 5, Plate 111 . A similar experiment, developed 
in a different way, is shown at 7. The black cardboard disk 
is provided with a central eyelet, which receives the crank 
pin, as in the case of the perforated disk. On each of two 
diametrical lines crossing each other at right: angles are 
formed pairs of holes, in which are cemented silvered glass 
beads or bright spherical steel buttons. The latter were 
used on the disk illustrated. They are symmetrically ar- 
ranged, so that the inner four may follow each other in the 
•same path, and the outer four may follow each other in a 
path of their own. 

By treating this disk after the manner of the perforated 
disk above described, many brilliant and surprising effects 
may be produced. 

By holding one edge of the disk lightly between the 
thumb and finger, so that it will not revolve, but will be 
made to gyrate by the little crank, each button will describe 
a 3-8 inch circle, or a small oval, or an ellipse, as shown 
at 7. By allowing the disk to slip slowly between the 
thumb and linger, a series of double scrolls will be pro- 
duced, as shown at 8. 

On varying the speed of rotation by the application of 
more or less friction to the disk, a great variety of intricate 
and beautiful figures are produced. Examples are shown at 
9, 10, and n, Plate III. The effect shown at 11 is secured 
by allowing the edge of the gyrating disk to strike the lin- 
ger once during each gyrat ion. The luminous curve in this 
case appears to have a slow retrograde motion. 

In Pig. 176 is shown a cardboard disk mounted loosely 
•on the top spindle and provided with two series of black 
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radial bars, the inner series having i \ bars, tin* outer series 
having 12 bars, To the rhuek inserted in tin* spindle is 
sctm rial a black disk having lour radial slits, 

When llu 4 top is revolved and the lower disk is re- 
tarded, some verv curious illusions will be produced. At 
times one part of tin* lower disk will appear to remain sta- 
tionary, while the other part will appear to revolve. Again, 
the two series of radial bars will appear to rotate in oppo- 
site directions. Viewed in another wav they appeal curved. 

By replacing the* slitted disk with the per located disk, 
and arranging the perluraled disk so that it may be retarded 

Fin. r;a. 
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by the friction nl tin* linger, some curious clients will In* 
seem. The diflcreut rows n{ holes will appeal to advance 
and recede in a very erratic wav. s*;\ » .• to 1; im hi 

sive, illustrate t lit 4 well known and vrj\ intei rstiug toy 
known as tin* chameleon top, This top is shown in tins 
connection, as the heautihil experiments whic h have been 
adapted (o it may In* transferred with threat a i\ uutage to 
the heavier top ; 12 shows tin* top itselt, w ith the black sets 
tor lifted out ol its normal position to show tin* colored 
segments on the fact* ol the top. 

When the top is spun with tin* black sector resting on its 
face, a great variety of changes ol Inn* may be produced 
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by retarding the sector, by touching the metallic radially 
ribbed disk attached to its center. This operation causes it 
to shift its position on the top, and expose the different; col- 
ored segments in succession. Persistence of vision causes 
the segments to appear as circular bands of color, which 
constantly change. 

When the colored paper ellipses shown at 13 are thrown 

Fig. 177. 



The Chameleon Top. 


upon the top and touched by the linger, the colors are curi- 
ously blended. 

The tricolored disk shown at 14 is to be supported 
loosely on one of the wires shown at: 15. This disk, when 
revolved, yields some very pretty effects. The wires shown 
at 15, when inserted in the hollow top spindle and revolved, 
produce the figures shown in the upper portion of the 
engraving, appearing like phantom vases, bowls, etc. 
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When this experiment is adapted to the large top, the 
wires are replaced by thin nickel-plated tubes, inserted in 
wooden pins fitted to the spindle of the top. The tubes are 
provided at their upper ends with small spherical knobs. 

In addition to the experiments described, there are of 
course many others of equal interest which may be per- 
formed by means of a heavy top. 

The engraving represents an attachment to the “ scienti- 


Fig. 178. 



Top with Revolving Mirrors — Koenig’s Manometric Flames. 


fic top, by means of which the beautiful and instructive ex- 
periments of Koenig may be readily repeated. The part of 
the apparatus carried by the top consists of two pieces of 
ordinary silvered glass (looking glass), 2)4 by 5 inches, se- 
cured to opposite sides of a light wooden frame of the same 
size, and 3-4 inch thick, by means of strips of stout black 
paper attached to the frame and to the edges of the glasses. 
The upper and lower edges of the wooden frame are bored 
at the center to receive the rod inserted in the bore of the 
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top spindle. The frame fits the rod loosely, and is revolved 
by frictional contact with the rod and the upper end of the 
top spindle. This arrangement allows the mirror to revolve 
at a comparatively low rate of speed, the resistance of the 
air causing the mirror frame to slip on the rod. 

It is necessary thus to provide for the slow rotation of 
the mirrors, as the flame points would be blended into a con- 
tinuous band of light by the persistence of vision were the 
mirrors allowed to revolve as rapidly as the top. 

The device for producing the variable flame is shown in 
perspective in Fig. 178 and in sec- 
tion in Fig. 179. It consists of a 
cell formed of two parts, one in- 
serted in the other, and provided 
with an air chamber, covered by a 
diaphragm of very thin soft rub- 
ber, a gas pipe entering the lower 
side of the cell at one end of the 
diaphragm, and a fine gas burner 
inserted in the cell upon the same 
side of the diaphragm. A mouth- 
piece communicates with the air 
chamber of the ceil through a 
flexible tube, and the gas pipe lead- 
ing to the cell is connected with 
the house supply. The gas burner 
is provided with a narrow shade, 
which shields the eye of the ob- 
server from the direct light of the 
flame. The top having been set in motion, the mirror is 
applied and sounds are uttered in the mouthpiece. By 
viewing the reflection of the flame in the revolving mirror, 
it will appear as if formed of a regular series of pointed 
jets, the persistence of the successive images formed on 
the retina causing them to appear as if produced simul- 
taneously. 

The vibrations of the diaphragm due to the sound 
waves impinging upon it cause the gas to be pushed out of 
the burner in little puffs, which are not very noticeable when 


Fig. 179. 



Section of Diaphragm 
Cell. 
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the flame is observed directly, but which are clearly 
brought out when examined by the revolving mirror. 

By employing a double mouthpiece, two sets of flame 
points of different lengths alternating with each other may 
be shown. Each vowel sound yields a characteristic series 
of flame points. A whistle will yield very fine points, while 
a very low bass note will produce scarcely more than a sin- 
gle point for each half revolution of the mirror. 
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CHAPTER X, 

HEAT. 

Heat is the manifestation of an extremely rapid vibra- 
tory motion of the molecules of a body. An increase in the 
velocity and amplitude of the vibrations increases the tem- 
perature of the body. A heated mass can impart vibratory 
motion to the ether which fills space and permeates all 
bodies, and these wav.e motions of the ether are able to 
reproduce in bodies motions similar to those by which they 
were caused.* 

The more obvious effects of heat are expansion, fusion, 
and vaporization. All bodies increase in volume when 
heated ; gases being the most expansible, liquids next, and 
solids the least. Heat may partially or wholly balance 
molecular attraction. Hence it is that, when heated, solids 
first expand, then (if no chemical action occurs) soften and 
become liquid, and finally vaporize.')* Liquids arc changed 
into vapors, and gases are rarefied. 

EXPANSION. 

Expansion takes place in all directions. To render this 
phenomenon apparent, an elongated and attenuated body, 
such, for example, as a fine wire, is chosen and its linear ex- 
pansion only is noted. Fig. 180 shows an instrument for ex- 
hibiting the linear expansion of a long thin wire, i and 2 being 
respectively front and side views. The instrument is pro- 
vided with two series of hard rubber pulleys mounted on 
studs projecting from a board. A line brass wire (No. 32) 
attached to the board at one end passes around the succes- 
sive pulleys of the upper and lower series in alternation, the 
last end being connected with one end of a spiral spring, 
which is strong enough to keep the wire taut without 

* u Heat a Mode of Motion/’ by John Tyndall, is an interesting popular 
treatise on this subject. 

f Most organic bodies oxidize before the temperature of liquefaction is 
reached. 
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stretching it. The other end of the spring is attach ** 
stud projecting from the board. The pulleys arc 1 * ^ 
ent diameters, so that each series forms a cone. By * 
struction the wire of one convolution is prevented l 1 * J 
ering the wire of the next. 

The last pulley of the upper series is provide*! 
boss, to which is attached a counterbalanced in*!* 
curved scale is supported behind the index by p* 
jecting from the board. 

The series of pulleys are 12 inches apart, and 1 1 * fc 


Fig. 180. 



ten convolutions of wire, so that a small change of t**i 
ture produces sufficient expansion of the wire U t * • 
perceptible movement of the index. To increase t In- 
ti veness of the instrument, the wire is blackened bv 
of smoke or dead black varnish. An electric currt*i» 
ing through the wire heats it sufficiently to cause ;t 
tion of the index; the amount of deflection depentij 
course, upon the strength of the current. 
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SIMPLE THERMOSTAT. 

Fig. 1 81 shows a simple thermostat; which is capable of 
many useful applications. It is represented with an index 
and scale, but these are not essential for most purposes. 

The instrument depends for its operation on the differ- 
ence between the expansion of brass and steel. The linear 
expansion of brass is nearly double that of steel, so that 
when a curved bar of brass is confined at the ends by a 
straight bar of steel, the brass bar will elongate more than 
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Thermostat. 


the steel bar when both are heated, and will in consequence 
become more convex. 

At 2 are shown two bars, the straight one being of steel, 
the curved one of brass. The steel bar is slit for a .short 
distance in two places at: each end, and the ears thus formed 
are bent: in opposite directions to form abutments for the 
ends of the curved brass bars, two brass bars being held by 
a single .steel bar, thus forming a compound bar, as shown 
at 3. Each compound bar is drilled through at: the center. 
Ten or more such compound bars arc strung together 
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loosely upon a rod, which is secured to a fixed support. A 
stirrup formed of two rods and two cross pieces rests upon 
the upper compound bar and passes upward through the 
support. Above the support it is connected by a link with 
a sector lever which engages a pinion on the pivot of the 
index. The use to which the thermostat is to be applied 
will determine its size and construction. It may be used 
in connection with kilns and ovens and for operating dam- 
pers, valves, and electric switches. 

AIR THE? MO METER. 


The air thermometer, consisting of an air bulb, A, and 
capillary tube, B, plunged in a colored liquid, shows changes 
in the volume of air due to expansion and 
Fig. 182. contraction under changes of temperature by 


A 



Air Thermo- 
meter. 


the rising or falling of the column of the 
colored liquid in the capillary tube. It is a 
sensitive thermometer, but of little practical 
value, on account of the variability of the 
volume of air by changes of pressure. 

PULSE GLASS. 

The pulse glass (Fig. 183) is due to Franklin. 
It consists of two glass bulbs, formed on op- 
posite ends of a tube bent twice at right 
angles, the system being partly filled with 
water, the air hav- p IG< i83< 

ing been expelled 
by boiling the 
water before seal- 
ing the tube. 

When the bulb 



which contains the water is held in the hand, and the tube 
is placed in horizontal position, the rapid evaporation of 
the water by the warmth of the hand creates a pressure 
which causes the transfer of the water to the cooler bulb. 
The quick evaporation of the thin film of water adhering to 
the sides of the otherwise empty bulb increases the pressure, 
and causes a rapid ebullition of the water in the other bulb, 
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and at the same time carries off the heat to such an extent 
as to produce a very decided sensation of cold.* 

When the bulb is held at an inclination of about 40°, the 
water pulsates from one bulb to the other. The interior of 
the cool bulb becomes quickly dry, and evaporation in it: 
therefore ceases. The water from the other 
bulb at once Hows back into the lower one, to 
be again expelled by renewed expansion and 
evaporation. 

The instrument operates continuously 
and very regularly when placed in a hori- 
zontal position upon a table, with one of the 
bulbs in the vicinity of a lamp, that is, 
within eight: or ten inches of the flame, the 
•other bulb being placed as far as possible 
away from the flame and shaded. 

The straight form of pulse glass, shown in 
Fig. 184, exhibits the vaporization of water in 
vacuo to better advantage than the bent: form. 

When the bulb is held in the hand, the 
rapid evaporation, by the warmth of the hand, 
of the water flowing through the narrow neck 
of the tube and down the inner surface of the 
bulb creates a pressure of vapor, which finds 
exit through the neck of the tube, and bub- 
bling up through the main body of the water, 
is condensed either in the water or above it Sometimes the 
tube, when designed for use as a toy, contains the figure of 
an imp, which the ebullition of the water agitates violently. 

THERMOS C OTIC BALANCE. 

The action of the thcrmoscopic balance, shown in Fig. 
185, is due to the facility with which liquids evaporate in a 
vacuum. A small amount of heat is sufficient to vaporize the 
liquid to the extent required to secure the desired action. 
The instrument is provided with a glass tube bent twice at 
right angles, and having a bulb blown on each end. The 

* This phenomenon is one of latent heat, a subject omitted here, but 
treated at length in text-books on physics. 
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tube and the bulbs, like the pulse glass, are partly filled with 
water, and a vacuum is secured by boiling the water in the 
bulbs before sealing them. The center of the tube is fur- 
nished with V-pivots, which rest in bearings in the top of 
the forked column. The column also supports a metal 
screen, which is bright one side and black on the other. 
Two pins project from the screen to limit the movements of 
the glass tube and bulbs. 

When the instrument is in use, the screen is placed 
toward the source of heat, and when radiant heat strikes the 
bulb which is unshielded by the screen, the water in that 
bulb is vaporized, and sufficient pressure is produced to 
drive the water upward into the bulb behind the screen. 
When a little more than half of the water has been in this 
manner forced from the lower to the higher bulb, the upper 
bulb preponderates. The tube and bulbs are supported on 
their pivot so as to secure unstable equilibrium, so that, 
when the upper bulb begins to descend, it completes its ex- 
cursion at once, and exposes the full bulb to the radiant 
heat, at the same time carrying its empty bulb behind the 
screen, where it cools. The transfer of the water from the 
full bulb to the empty one now occurs as before. This oper- 
ation is repeated so long as the bulbs are exposed to the action 
of radiant heat. The oscillations may be quickened by smok- 
ing the sides of the bulbs remote from the screen, and still 
greater rapidity of action may be secured by concentrating 
the heat on the bulbs by means of condensers or reflectors. 

The principle of the thermoscopic balance has been util- 
ized in the construction of an electric meter. To render it 
available for this purpose, a coil is inserted in each bulb 
above the water line and electric connections are provided, 
by which the current is sent through the coils in alternation 
as the bulbs tilt. The current thus commuted heats first 
one coil and then the other, causing the transfer of the 
water from one bulb to the other in the manner already 
described. Registering mechanism is provided which re- 
cords the number of oscillations of the tube. The rapidity 
of the operation of the instrument is proportional to the 
strength of the current. 


Fig. 1S5. 
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rkvniMii )urs. 

Wollaston’s cryophorus is simitar in iorm and pi im ij »I«* 
to the pulse glass, t hr only difference being that the tube 
connecting I he two bulbs is made much larger, to avoid 
choking by ice- — a tiling sure to occur when the tube is nl 
small diameter -the water vapor which is diawn toward 
the empty bulb (in a manner presently to be described i 
being condensed and frozen on the walls ot the tube to such 
an extent as to entirely close it. 

The eryophorus in process nl const met ion is partly 
tilled with water, which is boiled in the bulbs belore sealing, 





to drive out the air. When t he* empty bulb ui the appara- 
tus is placed in a freezing mixture of ice and salt, for exam 
pie, the evaporation of the* water in the idled bulb, dm* to 
the cooling and condensation of vapor in the empty bulb, is 
rapid enough to carry oil the heat to such an extent as to 
cause the water to freeze. Instead of employing the freezing 
mixture, a spray of ether or bisulphide of carbon may be 
projected upon the empty bulb with the same results. 

This is a very interesting experiment, illustrating the 
principle of freezing by rapid evaporation. It also exhibits 
the change of state of water from gaseous through liquid to 
solid condition. 
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RADIOMETER. 

The radiometer is a heat engine of remarkable delicacy 
as well as great simplicity. It illustrates a class of pheno- 
mona discovered by Crookes, which are difficult to explain 
in a brief and popular way * 

The instrument consists of a very slight spider of alumi- 
num supporting on the end of each of its four arms a very 
thin mica plate blackened on one side fig. 187. 

and silvered on the other side. 

The aluminum spider is provided with 
a jewel, which rests upon a delicate needle 
point supported at the center of the glass 
globe. 

The spider is retained on its pivot by 
a small tube extending downward from 
the top of the globe. When placed in 
sunlight or near a gas or lamp flame, the 
vanes revolve rapidly. 

An alum cell interposed between the 
radiometer and the source of light and Radiometer . 
heat allows the light to pass, but intei- 
cents the heat rays. Under these conditions the vane will 
not. rotate. An iodine cell, which is opaque to light, when 
arranged in the same way allows the heat rays to go through,, 
and these cause the rotation of the vane. 

TYNDALL’S EXPERIMENT ON RADIANT HEAT. 

It often happens that students who desire to test for 
themselves the experiments of distinguished investigators, 
arc prevented from such instructive pleasures by the notion 
that, for delicate experiments, fine and expensive apparatus 
is required. Such apparatus is undoubtedly desirable and 
pleasant to work with, but where it is not to be had, a litt 
-d ingenuity may provide cheap subst.tn.es wh.ch 
Will perfectly answer the students purpose. The crude, 
apparatus herewith figured illustrates this fact. 

* « The Principles of Physics,” by Alfred Daniel, contains a clear expin- 
nation of the radiometer. 
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The interesting experiment of Tyndall on radiant heat 
was surest eel to him by 1 it. Bell's photophonie experi- 
ment, in which musical sounds art* obtained b\ the action ot 
an intermittent beam of light upon a solid hod\, Reterring 
to this, Prof. Tyndall says: 

“From the 4 first 1 entertained tin* opinion that these 
singular sounds were caused by rapid changes ot tempera- 
ture, producing* corresponding changes oi shape and volume 
in the bodies impinged upon bv the beam. But i! this be 
the case, and if gases and vapors really absorb radiant heat, 
they might to produce sounds mote intense than those 
obtained from solids. I pictured evei \ stmkr oi the beam 
responded to bv a sudden expansion ot the absoihrut gas, 
and concluded that when the pulses thus excited billowed 
each other with sullieieut rapidity, a musical note must be 
the result. It seemed plain, inmrttvri, that by this new 
method many of inv previous Jesuits might be brought to 
an independent test. Highly diathenuuuous bodies, 1 i ra- 
tioned, would produce taint sounds, while highl\ at hei mam 
ous bodies would product* loud sounds the slieugth ot the 
sound being, in a sense, a measuie oi the absojptiou. I he 
first experiment, made with a view ol testing this idea, was 
executed in the presence ot Mr, Graham Belt, and the jestdt 
was in exact accordance with what 1 had toteseen/* 

The writer has successfully repeated Plot. fTndall's 
experinumt with (In* simple apparatus shown in tin- illuMia 
tion (log. tSS). Apparatus already at hand was utilized. \ 
small sized bulbous glass flash, F| inches in diametei, was 
moimfed in a test tube holder, and placed behind a totaling 
pasteboard disk, 12 inches in diametet, having twelve* aper 
lures lA inches wide and i\ inches long. Nevciut flasks ot 
the same capacity wen 4 provided and tilled with flu* differ, 
ent: gases and vapors, and stoppered, to be used at convent 
irnee. Near the* disk was plat ed a common gas flame*, am! 
into the mouth u! the* flask was inserted one end of a long 
rubber lube 4 , the other end being pmvided with a tapering 
ear tube, placed in the ear ot the* listener, whose* position was 
sufficiently remote from the* apparatus to avoid any possible 
disturbance from the revolving disk or the operator. The 


* 
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disk being* rotated so as to rapidly intercept the thermal and 
luminous rays of the gas llanu* and render the rays rapidly 
intermittent, the eficet on the gases and vapors contained 
by the different bulbs was noted. Dry air produced no 
sound; moistened, it yielded a dislinetlv audible tone, rn. 
responding in pitch with the rapidity ui the interruption 
of the thermal rays.* 5 ** 

Among gases tried, nitrous u\ide ami illuminating gas 
yielded the loudest sounds. Among vapors, wafer ami sul 
phuric ether were most susceptible to tin* intermittent rays. 
A candle flame produced distiuctly audible* sounds in ihr 
more sensitive gases, and a hot poker replacing the gas. 
flame yielded the same results. 

By using an ordinary concave spun metal mirror, the 
heat: of the flame was satisfactorily projected from a consul 
enable distance. Considering the crudeness ot the* appata 
tus and the dr lieary nl the ad ion which produces the sounds, 
it appears remarkable that any satisfactory results were 
obtained, and the experiment shows that any one interested 
in the liner branches of scientific investigation may often, 
with the exercise of a little care, enjoy, without matetial 
expense, those deeply interesting 1 experiments. 

RKKLKtTI ON AND C( INCKNTUATP J\ <H* It DAT. 

In this experiment tlu* concave mirrors described in a 
previous chapter are employed in reflecting and com entiat 
ing heal. 

Instead of placing the watch in the focus of the relleetm, 
B, as in the sound experiment, an air thermometer, K. is 
supported upon two stands, F F, as shown in Fig, iHo, with 
its bulb in the focus of tlu* reflector. The bulb is smoked 
over a caudle, and when it is nearly cold a drop of wufei ot 
mercury is introduced into the capillaiy tube to setae 
as an index. The candle is removed until the drop in 
the tube ceases to move. It is then replaced. In a very 
short time the drop will be pushed outward by the expau 

* The tone to be expert'*'! from the g.oi m V4pm whrtt 4* ird «m bv »4 «Imui 
bent may be determined by blowing through a tube ihr apcmticd 

portion of the rotating: disk. 
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sion of the air in the bulb. The candle is again removed, 
and when the drop has returned to the point of starting and 
ceased moving, a lump, C, of ice is placed on the stand, D, 


Fig. 189. 



in the focus of the reflector, A. Immediately the air con- 
tracts in the thermometer and draws the drop in. Each of 
the two bodies is radiating 1 , and receiving heat radiated from 
the other. But the ice radiates less than the bulb ; hence 
the bulb gives out more than it receives, and the fall of tem- 
perature is shown by motion of the index. 


Fig. 190. 



Conduction of Heat. 
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THE CONDUCTIVITY OF METALS. 

The conductivity of metals for heat is admirably shown 
by the simple device illustrated in Fig. 190. To a strip, A, of 
iron are attached strips, B C, of brass and copper. The ends 
of all the strips are bent upward and inward, and the ends 
of the strips are split and curved to form loops for loosely 
holding matches, the sulphur ends of which rest upon the 
strips by their own gravity. The junction of the strips is 
heated as shown. The match on the copper strip ignites 
first, that on the brass next, and that upon the iron last, show- 
ing that, of the three metals, copper is the best conductor 
of heat and iron the poorest. 

HEAT DUE TO FRICTION. 

Every engineer having machinery in charge knows 
something of this subject. Badly proportioned or poorly 
lubricated journals often become intensely heated by 
undue friction. Occasionally a red hot journal is seen. 
Wherever there is friction there is heat. Often kinetic 
energy is transformed through friction into heat, which is 
dissipated by radiation into space, thus causing a loss of 
energy in a commercial sense, while in a physical sense it 
still exists, but in another form. 

HEAT DUE TO PRESSURE AND COMPRESSION. 

Hammering a nail rod until it is red hot and forging a 
nail without a fire is one of the feats of the blacksmith. 

Fig. 191. 





Pneumatic Syringe. 

The compression of the iron by the blows of the hammer 
increases its temperature to such a degree as to render this 
possible. The impact of a bullet on a hard surface gener- 
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ates sufficient heat to melt the lead of which the bullet is 
formed. Numerous instances might be given of the gener- 
ation of heat by the impact of solid bodies. 

Gases arc also heated by compression. By placing some 
dry tinder or cotton moistened with ether in the pneumatic 
syringe (pop gun), Fig. 191, and quickly forcing in the pis- 
ton, so as to strongly compress the air 
contained in the barrel of the syringe, 
the temperature of the air will be raised 
sufficiently to ignite the tinder or cotton. 

FORCE OF STEAM. 

The candle bomb, shown in Fig. 192, 
exhibits the explosive power of steam. 

It consists of a small bulb of glass 
filled with water and scaled. When Candle Homb. 
the bomb is held in a candle flame by means of a. wire loop, 
the water is converted into steam and an explosion occurs.* 

The least expensive machine for applying to mechanical 
work the force exhibited by the candle bomb is the fifty- 
cent steam, engine, shown in Fig. 193. It 
is a small and simple machine, but it is far 
more perfect; than the steam engines of 
our forefathers. It will readily make 800 
to 1,000 revolutions per minute. It; is a 
wonderfully inexpensive example of the 
world's greatest motive power. Its con- 
struction is so well known that an extended 
description seems superfluous. 

The standard which supports the crank 
shaft also forms the support of the trun- 
nion of the oscillating cylinder. The pis- 
ton is connected directly with the crank 
pin projecting from the fly wheel. The face of the cylinder 
which contacts with the standard forms the valve for admit- 
ting steam to the cylinder and releasing it: after use. A 
passage in the standard conveys steam from the boiler to 

* A guard °t some kind should be plnml around Lho bomb u> prevent 
injury to the experimenter. 
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Filty-cont Engine. 


Flo. 192. 
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the steam ports. A spiral spring on the trunnion draws the 
cylinder against the standard. The cylinder thus arranged 
is made to serve as a safety valve. A small alcohol lamp 
is used as a source of heat. 

ASCENSIONAL POWER OF HEATED AIR. 

The ascensional power of heated air is exhibited by the 
draught of every chimney. It is shown by the lire balloon 
and by the upward tendency of every flame. It is the prime 
factor in the propelling power of one of the most ancient of 

motors — the windmill ; wind 
being only air rushing for- 
ward to take the place of air 
which is rising because it is 
rarefied by heat. 

The power derived directly 
from an ascending column of 
heated air has never been 
utilized except as a motor for 
ventilators, for running me- 
chanical toys, and to some 
extent for operating small 
mechanical signs. 

The toy motor shown in 
the annexed engraving is too 
familiar to require description. It is generally placed over 
a lamp chimney or at the side of a stovepipe, where the 
rapidly ascending heated air may impinge on the inclined 
vanes. The air, acting on the vanes according to the well 
known law of the inclined plane, produces a lateral move- 
ment of each vane, and the vanes being restrained at the 
center of the wheel while free at their outer ends are com- 
pelled to move circularly. 

IIYGROMETRY. 

The toy hygroscope serves to show approximately the 
hygrometric state of the atmosphere. One of the several 
forms in which it is made is shown in the annexed engrav- 
ing. A perforated metal tube, projecting from the back of 


Fig. 194. 
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the figure, contains a short piece o( catgut cor’d, which is 
fastened in the rear end of the tube by closing the sides oi 
tlie tube down upon it. The opposite 1 end o! the cord pro- 
jects beyond the front; of the figure, and is attached to the 
arm of the boy. In the hand of 
the arm thus supported is carried 
an umbrella. When the air is dry, 
the catgut cord retains its twist, 
and the arm holds the umbrella, out 
of the position of use ; but. when 
the air becomes moist, the cord 
swells slightly, and untwists, and 
in so doing raises the boy’s arm and 
brings the umbrella over his own 
head and over the head of his com- 
panion. 

Another form of the same tic- 
vice consists of a house having 
two doors and containing two 
figures— a man with an umbrella 
and a woman in fair-weather dress ; the figures being sup. 
ported on opposite ends of a bar suspended centrally by 
a catgut cord. When the cord is untwisted by the* action 
of moisture, the man with the umbrella sallies out ; when 

the cord becomes 
dry, the man re- 
turns indoors and 
the woman appears. 

T h e s e simple, 
pleasing, and in- 
structive toys illus- 
trate the action of 
moisture on certain 
porous bodies, ami 
are of interest, if 
not of actual use, to the meteorological observer. The 
action of the sensitive leaf shown in the engraving is also 
due to expansion by absorption of moisture. The leaf 
consists of a piece of thin gelatinized paper or gold beater's 
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skin, or even of gelatine, printed in some fantastic design, 
that; of the mermaid being the favorite. \\ hen tin* leal is 
laid upon the palm of the hand, the moisture ol the 
hand is absorbed by one side of the leal, and more' in some 
places than in others, owing to imperfect, contact with the 
hand. The moistened portions rapidly swell, thus warping 
the leaf, which twists and writhes in every possible direc- 
tion, as if it. were possessed oi li!e. The lea!, being extremely 
thin, quickly becomes dry, so that the various contortions 
succeed each other rapidly. 

CHEMICAL TIlKUMOSCm’K, HYC.kt >SCnj‘lC \N 1 » 1 .1 * MIN* U S 

kt isks. 

The chemical thermoscopc* is made by scaling in a tube a 
Etc. i<)7 solution of chloride ol cobalt in dilute alcohol. 

When tin* tube is subjected to a temperature 

I of 40' to 50 halt,, the solution becomes pink, 

and as its temperature is raised to 00 ot , 
it; passes through various shades n| purple, ami 
finally becomes blue. 

The* same salt applied to an ariilh i.d llou**i, 
a rose for example, renders it visibly hvgrn 
seopic. When the air is humid, the to e 
pink; and when the air is warm and 1 1 1 \ , the 
rose will be purple or blue. A solution oi ;!u- 
Vhmlio- same salt constitutes one o! the sy in pat belie inks. 
soj[k‘. 'The luminous rose* shown in the same vase 

with the hygroscopic rose is a beautilul example u! the 
wonderful properly ot storing light pi issrssn i l»\ Home 
bodies. The light-storing property is given the lose bv a 
coating of luminous paint, the* basis ot C*** »ac 


which is sulphide ol calcium. This rost*, 
if exposed to a strong light during the 
day, will be luminous throughout the 
night. 

The exact nature of the change 
which takes place in the phosphorescent, 
substance while exposed to the light is 
unknown. It is supposed to be due to 
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simu' mcMlilvin.L*; artinn of t hr li^ht. rathrr than rhrmiral 
action. It has bcru ascertained that the ph< isphurrsrrure 
takes place /'// iv/t//-* as u ell as in air, Luminous paint has 
many practical applications. It is used uti buoys, ^uidr. 
posts, gait's, etc,, to mule 4 !’ thrill visihlr at nii*ht. It is 
applied to tualrli sates with obvious advantage*. 
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u<;nr. 

Various hypotheses have beam mad(‘ regard ini’’ flu* 
nature and origin of light. The most important <»( these' 
art! the emission or corpuscular theory and the unduiatorv 
theory. 

The emission or corpuscular theory of light was sup-' 
ported by Newton. It supposes light to consist o( exceed- 
ingly small particles, projected with enormous velocity 
from a luminous body. Although this theory seems to have 
support in many of the phenomena of light, the velocity of 
light alone, as at present recognized, would seem to render 

Fu;. iijtj. 
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it untenable, however infinitesimal the projected particles 
“light he- Tyndall has said that a body having the weight 
of one grain, moving with the velocity of light, would pus. 
scss the momentum of a eannon hall weighing one hundred 
and fifty pounds and moving with a velocity of f.ooo feet a 
second; hut the most delicate tests known to science have 
failed to show that, liglit, possesses any mechanical force. 

The emission theory of light, was opposed first by Hooke, 
Huygens, and liuler, who believed that the propagation oi 
light was due to wave motion. All other eminent scientists 
suppoitcd Newton for one hundred years, but the* uudu- 
latory theory was finally established beyond a question, by 
Young and Fresnel. 



Sound i* pi’* »] >agat c< i b\ the alternate compression ami 
rarctact ion of air, t he m»w ciucnts ul tlu* unves being paral- 
lel wilh tlu* line of propagation. Hut not so with 1 1*4 lit. I he 
vibrations of light ate at right angles with its line ul pro- 
gression. rhrst* transverse vibrations, in ordinary white 
light, arr iu every conceivable direct ion arrnss the path til 
the light beam. Their course is 1 epresrulri 1 bv Diagram t, 
hit; . i*hi. 

We t an reudilv see lm\\ the longitudinal vibrations til 
ait would alien the eat thuiu , a shows t his aet inn diagram- 
mutually, the horizontal line, A. 1 epr vse tiling the' tympanum, 
ami the tut* allows the forward ami backward motion ut 
tin 4 ait wave, 

( 'omparat i veh reeeuf microscopical research has shown 
that the tetiua is stmlded with tine roils, as shown at 1$, 
which are susrept ihle of bring influenced by the* lateral 
movements ui the* partic les in tin 4 wave 4 front of a light 
beam. 

Tin* hut that light is wave 4 motion necessitates the 
assumption ul the existence til a medium far more subtile 
than ordinary matter, which pervades all matin and all 
space, anti is in the interior of all bodies ul w hutever nature 4 . 
It is thin, elastic, and capable oi transmitting vibrations 
w ith emui mmis veined v , This hypothetical medium is 
called * flu / . Tver v luminous body is iu a state* of vibration, 
and communicates \ tin at ions to tlu 4 surrounding ether. 

Although light is propagated iu straight lines, its dim 
lion mav be changed bv rrllectiou, bv any body that will 
not wholly absorb it. I he retire turn t it light Hum a mirror 
is a well known example of this. I he direct ion of light 
mav also be 4 changed b\ retraction, bv causing it to pass 
from our medium into another having a ditlereut density. 
Hv holding a strip ol plate 4 glass obliquely before a pencil 
or similai object, the bending of the light beam is shown 
bv the apparent lateral displacement ul tlu* object. 

Lewis Wright, iu Ins excellent work on tight, gives 
Huygens' explanation nt refraction as follows: 

Any beam oi light has a wave front across it, and it is 
obvious that iu merlins' am retractim? surface ohliouelv. 



202 


EXP KRI M ENT A I , SC I ENC K, 


one part of this wave front will meet it before another. Con- 
ceive, then, that while the ether permeates the open struc- 
ture of all matter, it is still hindered in its motions by it, as 
wind is hindered, but not slopped, by the trees. Thun trace 
a ray, A B (Fig. 200), to the refracting surface, C D, mark- 
ing’ off the assumed length of its waves by the transverse 1 
lines. The front will be retarded at K before! it is retarded 
at F, and we may assume the retardation is such that the wave 
in the denser medium is only propagated to (*, while, in the 
rarer medium it reaches J I. It is plain that the beam must 
swing round; but when the side*, F, also reaches the denser 
medium, the whole will be retarded alike and the beam 
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will proceed as before, only slower and in a dilTerent. diret - 
tion. The theory exactly fits all the phenomena." 

As the beam emerges from the denser medium, the 
reverse of what has been described occurs, and. provided 
the refracting medium is of uniform thickness and density, 
the beam proceeds in a path parallel with its former t ouisr. 

In lenses and prisms the emergent beam takes an oblique 
path, and in the case of lenses, either convergent, or diver- 
gent, according to the kind of lens and the position of the 
lens relative to the object. 


PRISMS. 

Any refracting body having plane faces inclined to each 
other is known as a prism. A light beam passing through 
such a body is permanently deflected. For example, a candle 
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viewed through a prism placed as shown in Fig. not will 
appear to the observer in an elevated position. The light 
in this ease is t wire retracted, oner uti entering the glass, 
and attain on leaving it. 

The toy known as tin* polyprism consists of a plano-ron 
vex glass having a number of plant* i aunts uu its cuuvexsnlc. 

Kit., am. 
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The lards Inane; at slight! v dilfrrrut angles with the 
plane bus* nt the -da . , the rays are lejiartrd tltlh*renl l y at 
rat h faert, flue* pi »dm iug as mauv images as there are 
t.u'rt 4 .. Our man semi through this instrument appears like 
an assemblage. A I * tin vieweil lino udi it is multiplied a* 

I * .. a r. 
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many times as there are facets, and a ignite fin* appears like 
the conflagration of 4 t ity, 

! his toy illustrates in a crude wav the principle of the 
convex lens. Hie several divisions of the prism are able to 
so refract a beam of light as to render it convergent, that is 
to say, each dnkiou *>| the prism will bend as much of the 
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beam as it receives, so that all of the light: passing through 
the prism will be concentrated upon one spot, which will 
correspond in size with one of the facets. 'This spot marks 
the principal focus, a point at which the' rays cross, and 
beyond which they diverge. 

LIONS MS* 

A lens may bo regarded as an infinite number ol prisms 
of gradually increasing angles arranged around an axis. 


Fig. 203. 



This idea is illustrated by Fig. 203, in which is shown a 
hypothetical lens formed of prisms of different' angles. 

Rays of light proceeding - from the point, S, to the lens 
are refracted differently, those meeting the outer portion of 
the lens being more deflected than those passing through 
the inner portions, while the rays coinciding with the axis 
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Forms of Lenses. 


arc not refracted. 'Die emergent rays converge to the 
point, S'. Where there is an infinite number of inclined sur- 
faces, the lens will have spherically convex surfaces. 

Of converging or magnifying lenses there are lour forms, 
three of which ,are shown at 1 2, 3, in Fig. 204 ; 1 being a 
double convex lens, 2 a plano-convex, and 3 a convex menis- 


utiii r. 


cus. Tlu- fourth form, which is a double ruuvcx with ctirvial 
sides oi different radii, is known as a crossed Um is. 

()l diver^in^or diuiimshin<*' lenses t here are three forms, 
which are also represented in J04 ; „{ briutf a double 
concave, 5 a plano-concave, and b a concave meniscus. 

Parallel rays on entering a double convex lens are re 
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fracted, and on leaving the Urns they art* a^ain relraeted so* 
that they all converge at tin* point I\ which is tin* principal 
focus. The focal length of the lens is tin* distance Irmn the 
lens to tin* local point. 

When li&’ht proceeds from a point and is rendered run 
ver^eut by a lens, as shown in Ki&\ .»n ^ the* point to width the 
rays converge and tin* point from which the li^ht emanates 
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mark tin* tonjuyttfr (tut of the hats. Li^ht proceeding Irotn 
tin* point, S , will nmv(*r^r to tin* point, S, and in like man 
ner light proceeding from S will * onverge to the point, S, 
A rumavr lens lenders a parallel beam divn gent, an 
action which is the reverse' of that of the* convex lens, If 
tin* divergent rays, alter passing through a rum avr hats, 
are* prcieluc*ed backward, as indicateal by the dottrel line's in 
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Fig. 206, they will meet in the point, F, which is called the 
principal focus. 

Rays of light which converge toward the point, S', Fig. 
207, before refraction, will, after refraction, converge to the 



point, S, between the principal focus, F, and the lens, and 
light emanating from the point, S, will diverge after passing 
through the lens. 

Converging rays passing through a concave lens will 


Fig. 208. 



become less convergent or parallel according to the dis- 
tance of the point toward which they converge. 

Rays proceeding from the point, L (Fig. 208), to and 
through the concave lens are rendered more divergent. If, 

Fig. 209. 
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Real and Diminished Image. 


in this case, the divergent rays, after passing through the 
lens, are produced backward, as indicated by dotted lines, 
they will converge toward the point, /, between the princi- 
pal focus, C, and the lens. 

An object, A B (Fig. 209), placed in front of a convex 
lens at a distance greater than its principal focal length will 
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have a leal image, j A, im the uthr* si <!<* ul t in* lens 'This 
imam* is inverted ami mav be either larger ur smaller than 
tin* object. U\ holding a double nmve\ lens between the 
object and a white u all nr semen* the image may he* seen. 
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Hv changing the t elat ive distant rs of the object, tlu* lens, 
ami the screen, the 4 /r *4 the* image mav lie varied. In 
hie,. ** i the * ib jec t is distant mmr than twice the (oral 
length the lms, The phntugj aphet r \ c amera rvrmplilies 
this i u im iplr. 

In Tig, .mm is illustrated a ease in widt h tin* lens T 
neat ei the utijet t, A IT A magnified real image is pro 
dm eit, In this case the distance of the ubjert is greatei 
than the single local length o! the lens, but less than (wire 
its final length. The protecting lantern exemplifies this 
principle. 
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When ,m object, A I! i Tig, ah, is placed between the 
lens, < ), and its principal turns, /, a virtual imaj»r, a /*, is 
burned w Im h is eject amt magnified, and whic h appears at 
a greater distant r than the ubjert. This figure illustrates 
the manner in whit It ubjerts are viewed by an ordinary 
maginlviug hand glass. 
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Flu. 212 . 


One of the simplest, of tows illustrating the action of 
convex lenses is the water bull) magnifier. 

It is a small hollow sphere of glass filled wit h wat er and 
provided with a pointed wire 1 arm lor 
supporting the object: to be examined 
It: is a Coddington lens lacking* the 
central diapraghm. answers very 
well as a microscope of low power* 
and illustrates refraction as exhibited 
by glass lenses. It: receives the rays 
from the object placed within its locus, 
and refracts them, rendering them con- 
vergent: upon the opposite side of the 
bulb; hut all of the rays do not converge exactly at one* 
point, so that: the linage, except at the center of the held, is 
distorted and indistinct. This effect is spherical aberration. 



Water Hull) Magnifier, 


MIRRORS. 

The convex cylinder mirror shows an ordinary object 
very much contracted in one direction. 

The pictures accompanying these mirrors are distorted 
to such an extent as to render the object unrecognizable 
until viewed in the mirror, which corrects the image. 

By tracing 1 the incident ray from any point in the picture 
to a corresponding point in the image in the mirror, then 
tracing the reflected ray from the same point in the mirror 
to the eye, it will be found that in this, as in all other mir- 
rors, the simple law of reflection applies; that is, that the 
angle of incidence and the angle of reflection are equal. 

The concave cylindrical mirror (Fig. 214) is the reverse 
of the mirror just described. It: produces a laterally ex* 
paneled image of a narrow picture, and while the convex 
cylindrical mirror disperses the light from a distant source 4 , 
the concave mirror renders it convergent; but, as m the 
case of the water bulb, the reflected rays do not focus at a 
single point, but cross each, other, forming caustic curves. 
These curves may be exhibited by placing an ordinary 
cylindrical concave mirror edgewise on a white surface, and 
arranging a small light, such as a candle or lamp, a short 
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distance from the mirror, as shown in the engraving. The 
same phenomenon may be. witnessed by observing* a glass 
j>art filled with milk, arranged in proper relation to the 
light. The inner surface of the glass serves as a mirror, and 
the surface of the milk serves the same purpose as the 
whitepaper. A eylindric napkin ring will show life curves 
under similar conditions. In fact, any bright: concave cylin- 
drical surface will do the same thing. 

A convex spherical mirror distorts to a remarkable 
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Spherical Mirror. 

degree. A silvered glass globe held in the hand yields 
an image something like that shown in the engraving. 

The size of the image depends upon the distance of the 
mirror, and is always less than that: of the object. The 
farther the object is, the smaller is its image. Tins explains 
the distortion of the image, which appears to he behind tin 
mirror. 

The spherical concave mirror produces effects which are 
the reverse of those just described if the object Ik* nearer 
than the principal focus. In this case, as in the other, the 
virtual image appears behind the mirror, and is a magnified 
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one. The image which appears in front ol the* concave mir- 
ror may be either larger or sntalh*r than the* object i< st-li , 
depending upon the position of the object relative to the 
mirror and the observin'. 

U is inverted, and is formed in the air. A candle placed 
between the center of curvature of the mirror and the prin- 
cipal focus forms an inverted linage in air, which is larger 
than itself. 

phantom concur i\ 

The phantom bouquet, an interesting and very beautiful 
optical illusion, is produced by placing a bunch of (lowers 

Fie. tun. 
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(either natural or artificial) in an inverted position, behind a 
shield of some sort, and projecting its image into the air 
by means of a concave mirror, A magnifying hand glass 
answers the purpose, if of the right focal length, and a few 
books may serve as a shield, Two black-covered books arc* 
placed upon one end and arranged at an angle* with each 
other, and a third book is laid horizontally on the ends of 
the standing books. The bouquet is hung lop downward in 
the angle of the books, and a vase is placed on the upper 
book, over the hanging bouquet. 
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The concave mirror is arranged .so that: the* prolongation 
of its axis will bisect: the angk* formed by lines drawn trom 
the top of the vase and the upper part of the suspended bou- 
quet, and it is removed from the bouquet; and vase a distance 
about equal to its radius of curvature*. 

A little experiment; will determine the* correct position 
for the mirror. When the proper adjustment, is reached, a 
wonderfully real imago of the bouquet, appears in the air 
over the vase. It is necessary that the spectator shall he in 
line with the vase and mirror. With a good mirror and 
careful adjustment:, the illusion is very complete. I hr 
bouquet: being inverted, its imago is erect. A very effective 
way of illuminating the bouquet, which is dm* to I Yob \V, 
Le Conte Stevens, of Brooklyn, is shown in the eugra vine,. 
It consists in placing* two candles near tin* bouquet, and 
behind the shield, one candle upon either side of the bon 
quet. In addition to this, he places the entire apparatus on 
a pivoted hoard, so that it; may Ik* swung in a hun/uittul 
plane, allowing the phantom to be viewed by a number ul 
spectators. 

This simple experiment illustrates the principle of Her 
vSchel’s reflecting telescope. In that instrument the image ui 
the celestial object is projected in air by reflection ami mag- 
nified by the lenses of the eyepiece. 

MlM/nt'I.K K KKI.KCTION. 

The kaleidoscope is one of the most beautiful and inex- 
pensive of optical toys. It can be purchased in the onlmary 
form for five or ten cents. It is sometimes elaborately 
mounted on a stand and provided with specially prepared 
objects. It consists of a tube containing two long mirrors 
commonly formed of strips of ordinary glass, arranged at an 
angle of Co", with a plain glass at the end of the mirrors, 
then a thin space and an outer ground glass, the space bring 
partly filled with bits of broken glass, twisted glass, win 
cloth, etc. The mirrors may be arranged at any angle 
which is an aliquot part of 360°. When the minors,// /% arc 
inclined at an angle of 60 as in the present case*, the object, 
c, together with the five reflected images, will form a hexag- 
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onal figure of great beauty, which may be changed an infin- 
ite number of times by turning the instrunumt so as to cause 
die bits of glass, etc., to fall into new posit ions. 

The images adjoining (hit object arc*, formed by the first, 
rellections ot the object. The linages in the second sectors 
are formed by second rellections, and two coincident images 
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in (lie. sector diamet rically opposite: the object arc formed by 
lliinl reflections. 

in most kaleidoscopes a third mirror is added, which 
multiplies the effects, and iti the best instruments an eye 
lens ol low power is ptovided. 

ANALYSIS AN It SVNTHKStS Of UOIfT. 

Au ordinary ^lass prism, such as may be purchased for 
fifty cents, is sufficient for the resolution of a beam of white 
sunlight into its constituent colors. 15y projecting the dis- 
persed beam obliquely upon a smooth, white surface, the 
spectrum may be elongated so as to present a corneous 
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appearance. It is not difficult to understand that whatever 
is exhibited in the spectrum must have* existed in the light 
before it reached the prism, but. the recombining ol the col- 
ors of the spectrum so as to produce white light is of course 
conclusive. 

The colors of the spectrum have been combined in srv- 
eral ways, all of which are well known, Newton's disk does 
it in an imperfect way by causing the blending, by persist- 
ence of vision, of surface colors presented by a rotating 
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disk. Light from different portions of the spectrum has 
been reflected upon a single surface by a series of plane mir- 
rors, thus uniting the colored rays forming white light. The 
colored rays emerging from the prism have been concern 
trated by a lens upon a small surface, the beam resulting 
from the combination being white. Besides these methods, 
the spectrum has been recombined by whirling or rocking 
a prism; the movement of the spectrum being so rapid as to 
be beyond the power of the eye to follow, the retina recciv- 
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ing i lit* impression merely as a band of white" lit* lit , (hr rob 
ors being united by the* superposing of tin* rapidly sneered- 
iiiLV impressions, which are retained lor an apprrriab'V length 
ol time. 

Tlu* engravings show a device lo be used in plane of flu* 
ordinary rocking prism. If is prrlertly simple* and involves 
no mechanism. It consists of an inexpensive prism, having 
attached to t lu* knob on nil her etui a rubber band. In flu* 
present case flu* bands are* attached by making in each a 
short slit and inserting the knobs ol tin* prisms in tin* slits. 
The rubber bauds are (o be held by inserting two ot the Inn 
gets in eaeh ami drawing them taut, 
abeam ol sunlight, as shown in Fig, 

JiK, and with one linger flu* prism 
is given an oscillating motion. The 
baud of light thus elongated will 
have prismatic colors at opposite 
ends, but the entire* central portion 
will Ik* white, To show that, the 
colors ol the spectrum pass over 
every portion of the path of the 
light, as indicated by the* baud, the 
prism may Ik* rocked very slmvly. 

An ordinary prism may be made to exhibit several Fra un- 
holer's lines by arranging it in front ot a narrow slit, through 
which a beam of sunlight is admitted to a darkened room. 
One sale ol the prism in this experiment must In* adjusted 
at a very small angle with the iueidtul beam. The specs 
trum will contain a number ol line: dark Hues, known as 
Fraunhofer's lines. 

These lines tell of the* constitution of the sun, The prin- 
ciple illustrated by this experiment is the one upon which 
the spectroscope is based.* 

StMPLK Mf Ttiuti UC I'UnmtriNO * UK SPKCTKUM, 

Color is a sensation due to the excitation ol the retina 
by light waves having a certain rati* of vibration. Those 

# For further hihnmniuu on thn utihjrel ih«? trailer in rcfrrml to 
“SltJtiirN in Sprt erum AiulyslM," by J, Nomuti Kurkyrr, 


Hie prism is held in 
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having’ the highest rate capable of affecting the eye an* per- 
ceived as violet, while those ol the lowest rate are perceived 
as reel. According to Ogden Rood’s “ Modern Chromatics," 
the rate of the former is 75 7 billions of waves per second, 


that ol the latter is billions ol waves pen second, and 
between these extremes are range* 1 waves of every posse 
ble rate, representing as many colors, When tight waves of 
all periods are mingled, there is no colt a* —the light is white. 
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Newton discovered a way of resolving white light into its 
constituent colors. He made exhaustive experiments with 
prisms, first producing the gorgeous array of colors known 
as the spectrum, then recombining the colored rays by means 
of another prism producing white light. He found that the 
colors of the spectrum were simple, / <*., they could not lie 
further decomposed, and he also demonstrated that the red 
rays were the least and the violet rays the most refrangible. 

The solar spectrum is always a delight to the eyes o! 
every person having normal eyesight, and it is a simple mat. 
ter to produce it by means of a prism. When a prism is 
not available, it may be produced in the manner illustrated 
by Figs. 220 and 22t. This method is inexpensive, and 
yields a large spect rum. The materials required are a piece 
of a plane mirror, five or six inches 
square, a dish of water, and a sheet 
of white paper or a white wall. 

The mirror is immersed in the 
water and arranged at an angle of 
about 60" ; this angle, however, 
may be varied to suit the direc- 
tion of the light. The incident 
beam received on the mirror is re- Dlnirum of Sjimuntm 
fracted on entering the water and AtuMrauiH. 

dispersed. It is further dispersed upon emerging from the 
water. By causing the reflected beam to strike obliquely 
upon the white paper or wall, the spectrum thus produced 
may be made to cover a large surface. 

Should the sun be too high or too low, the proper direc- 
tion may be given to the incident beam by means of a sec- 
ond mirror held in the hand. The diagram. Fig. 22 1, shows 
the direction of the rays. 

Some very interesting absorption experiments may be 
m ule in connection with this simple appaiatus. For ex 
ample, colored glass, or sheets ut colored gelatine, may lie 
placed in tlit: reilected beam. If red be placed in the path 
of the beam, red light, with perhaps some yellow, will pass 
through, while the other colors will be absorbed, and will 
not, therefore, appear on the wall. With the other colors 


Fin. ssi. 



^ 1 J 111 


2 1 X KX 1*K K I M KNT A L SCI KNCK. 

the same phenomenon is observed. Ilaeh colored glass or 
gelatine is transparent, to its own color, but opaque to other 
colors. It will be observed that; few bodies have simple 
colors. 

in a similar manner a piece oi red paper or ribbon 
placed in the red portion of the spectrum will roiled, that 
color, but if placed in some other part, of the spectrum it. will 
appear dark, the other colors beingabsorbed or quenched by 
the colored surface. It. is seen by these experiments that 
when light passes through a colored glass or him, it dot's 
not retain all its colors, (t is simply a matter of straining 
out every color except that; to which the glass or film is 
transparent. In reality only a small part ol all the light 
striking the colored glass passes through it. 

In the above experiment, it. is essential to avoid all jarring 
of the water, as ripples upon its surface defeat the* experi- 
ment. If it: is possible to so placet the dish as to avoid jar- 
ring, the ripples may be prevented by suspending 1 a trans- 
parent plane glass horizontally, so that its tinder side* will 
just make contact with the surface of the water, 

NKW i'll ROM ATRt U’K. 

A novel toy which illustrates some of the phenomena 
of color is illustrated by Fig. 222. Upon the spindle, A, is 
secured a star, B, formed ol two triangular pieces of paste- 
board arranged so that their points alternate. One triangle 
is red, the other bluish grceu~complementary colors, 
which produce white when they are blended by the rotation 
of the star. In the angles of one of the stars are secured 
wire nails, which serve as pivots for the three* disks, (\ as 
shown at 1 and 4. Iiacli disk is divided into three espial 
parts, which are colored respectively red, green, and violet. 
The disks overlap at the center of t lit* star, B. 

Around the spindle, A, is wound a cord which passes 
through the loop formed in the star frame in which tin* 
spindle is journaled, and is provided at its end with a button, 
D. By pulling the cord, the star, B, is whirled first in one 
direction and then in the other. As the series of disks, (\ 
turn, the colors are blended in different ways, according to 


t nr relative* arrangement < 1 1 the dillrtvut sections. AH I lie* 
phenomena <>( tin* hlrndiiwv ol surface e< Hors arc* illust ruled 
i > y t his simple* toy. At t hues the* renter will hr a line* purple** 
while* t he* e mte*r part is ^recii. At other times some portions 
ol t he* color disk presented by t he rotating disks are* white*, 
showing that a proper mixture* o[’ the three primary colors 
yields white li^ht. 

At the* instant (if the change of rotation from <m<* direr- 
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tiem to the other* t he arrangement of the disks is surh as to 
present hc*autiful svmmetriral figures. All the changes ol 
color in the toy in its normal condition are, of course, arci* 
dental, 

When it is desired to try the* blending of any of the 
colors* when arranged in a particular way, the disks may he 
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prevented from turning on their pivots l > y stretching over 
each disk a small rubber band. 

The maker of this simple toy has succeeded in securing 
colors which produce remarkably good effects. 


Fief, 


CKKSISTKNCK OR VISION'. 

The zoetrope, or wheel of life, is a omnium, but interest- 
ing optical toy. It depends for its curious elleets upon the 
persistence of vision. It. consists of a cylindrical paper box 
mounted on a pivot, and having near its upper edge a series 
of narrow slits, which are parallel with its axis. Against the 
inner surface of the wall of the box is placed a paper slip, 
carrying a number of images of the same* object arranged in 
as many different, positions, eaeli image diU 
fering slightly from the adjoining image's, 
the successive positions of the several 
image's being such as to complete one 
entire motion or series of motions. 

When these pictures are viewed through 
the slits, as the box is turned, the eye 
glimpses the figures in succession, and 
retains the image of each during the time 
of eclipse by the paper between the slits and until the next 
figure appears. The images thus blend into each other, and 
give the figure the appearance of life and action. 

Some very interesting studies for the zoeirnpe have been 
produced by the aid of instantaneous photography. 
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IRRADIATION*. 

Brilliantly illuminated white surfaces and seif-luminous 
bodies, when emitting white light, appear to the eye much 
larger than they really are. In nature example's of this 
phenomenon are presented by the sun, moon, and stars, The 
sun, viewed with the naked eye, appears very much larger 
than when the light is modified by a smoked glass. The 
crescent of the moon appears to project beyond the moon's 
periphery; and the stars, which are mere points of light 
even when viewed through the largest telescope, appear to 
the eye to have a disk of some size* 
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This phenomenon known as irradiation is tint* to the 

stimulation or sympathetic: action nl the* nerves oi the 
retina adjoining those* which actually receive the* image. 

The cauls of pieces nl iron heated to incandescence by 
the blacksmith for welding seem to Ik* unduly enlarged 
an appearance due to irradiation. 

Without, doubt, the most striking illustrations oi irrudia 
lion are to he found in electric illumination. The electric; 
art*, whit*h is no larger than a pea, appears to the* eye 1 as 
large as a walnut ; and the filament ut an ineaudeseeut lamp, 
which is scarcely as large* as a horsehair, appears as large as 



An Example* of Irraeliatlwi. 


a small lead pencil. In viewing an ordinary incandescent 
lamp, it is difficult to believe that the delicate filament is not 
in some way immensely enlarged by the electric current or 
by the heat, but tin* experiment illustrated by the engraving 
shows that the si/e of the filament is unchanged, and proves 
that the* effect is produced in the eye. 

The experiment consists merely in holding a smoked 
or darkly colored glass between the eye and tin* lamp. The 
glass cuts off a large percentage of the light, and enables the 
eye to see the filament as it really is. 
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The effects of irradiation are different in riillorcnt per- 
sons, and they are not always the same in the same person. 

INTKNStTV OK UOUT. 

it is estimated that. 5,500 wax candles would be required 
to illuminate a surface twelve inches distant as strongly as it 
would bo illuminated by the sun, while the light of a single 
candle at a distance of 126 inches would equal that of the 
full moon. The relative intensities of the light of the sun 
and moon are as 600,000 to 1. 

Light from different sources can be compared and meas- 
ured by the photometer, several forms of which have been 
devised. The usual way of determining the intensity of 
light from any source is to compare it with a standard of 
illumination, a “sperm candle weighing & pound, and hurtl- 
ing 120 grains an hour,” being commonly used for this pur- 
pose. Thus it is that a gas flame or an electric lamp is rated 
at a certain caudle power. 

’Owing to the divergence of luminous rays, the intensity 
of light decreases rapidly as the illuminated surface is 
temoved from the source of light. This may be readily 
shown by holding a screen, say 12 inches square, half way 
between a lamp and the wall. The shadow of the screen on 
the wall will be 24 inches square. If the light falling on the 
screen be allowed to proceed to the wall, it will cover the 
area which was before in the shadow of the screen. This 
area being four times as large as that of the screen, it is 
seen that the light which was received on the screen must, 
when distributed upon a surface four times as great, be 
reduced in intensity to one-fourth of that falling on the 
screen. It is thus shown that the intensity of light is 
inversely as the square of the distance ; that is, when the 
distance of the illuminated surface from the source of light 
is doubled, it receives one-fourth the amount of light; at 
three times the distance, one-ninth, and so on. 

The law of inverse sc pi ares may be demonstrated by the 
extemporized photometer, shown in Fig. 225. In front of a 
white cardboard screen is supported an opaque rod. The 
sources of light to lie compared are arranged so as to cast 
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separate shadows of the rod on the screen. If the sources 
of light when equally distant from the screen form shadows 
of the same depth, their illuminating power is the same. 

When, however, the intensities of the two lights differ, 
the shadows will differ, and it will be necessary to remove 
the stronger light to a greater distance to secure shadows of 
equal depth. 

In the experiment illustrated, the single candle being 
distant one yard from the screen, it is found that the group 
of four candles must be placed two yards from the screen 
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Photometer. 


to secure shadows of the same intensity. Nine candles 
would require removal to a distance of three feet, and so on. 
All the candles of the group must be in the same line in the 
direction of the rod. The eye is able to detect a difference 
of one-sixtieth in the values of the shadows, provided the 
lights be of the same color. 

OPTICAL ILLUSIONS. 

It is sometimes difficult, even for the practiced eye, to 
accurately estimate distances and dimensions, and to cor- 
rectly appreciate forms. Very much depends upon the 
relation of the object viewed to surrounding objects. Two 
straight parallel lines of equal length would be appreciated 
by the eye in accordance with the facts, but when a light 
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line is drawn perpendicular to a hcav) r one of* the same 
length, as in Fig. 226, the eye at once accords the greater 
length to the lighter line. 

In the case of two like parallel lines joined at the cauls 
in one case with outwardly convergent line's and in the 
other with outwardly divergent lines (Fig. 227), the apparent 
difference in the length of the lines is considerable. 

It often happens in engineering drawing t\iat; a sectional 
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view will present some curious distortions, which give the 
drawing the appearance of being incorrect, but which in 
reality are only illusions. Fig. 228 is an example taken 
from such a drawing. 

In Figs. 229 and 230 are shown examples of line combi* 
nations in which series of oppositely disposed oblique lines 
are joined to parallel lines. In Fig. 229 the latter appear to 
bend outwardly and in Fig. 230 they seem to bend inwardly; 
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Illusion from Engineering Drawing. 


but by looking at the diagrams lengthwise, or through 
partly closed eyes, the parallel lines appear as they really 
are. 

A more marked example of the effects of oblique lines on 
a series of parallel lines is shown in Fig. 231, 

In Fig. 232 the single oblique line extending above the 


Apparent Displacement ol a Hlngla Oblique Line. 
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black bar appears to be a prolongation of the lower oblique 
line below the bar. That such is not the ease may be shown 
by placing a card against the line above the bar or sighting 
it endwise. It will thus be shown that it is a prolongation 
of the upper of the two lines below the bar. 

The curious optical illusions shown in Figs. 233 and 234 
were published some time since in a French scientific 
journal.* 

Fig. 233 represents two pieces of paper or cardboard cut 
into the shape of arcs of a circle. Which is the larger of- 
the two? To this the answer will certainly be: “ It is 
No. 2.” But if No. 1 be placed under No. 2, the answer will 
be just t he reverse. The fact is that both are exactly of the 
same size, as may be seen by measuring them, or by laying 
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Curious Optical Illusion, 


one upon top of the other. When the two figures are placed 
so close together that their edges touch, the illusion is still 
greater. 

Which is the tallest of the three persons figured in the 
annexed engraving? If we trust mi* we shall cer- 

tainly say it is No. 3. But if we take a pair of compasses 
and measure, wc shall find. that we have been deceived 
by an optical illusion. It is No. 1 that is the tallest, and 
it exceeds No. 3 by about o - o8 inch. 

The explanation of the phenomenon is very simple. 
Placed in the middle of the well calculated vanishing lines 
the three silhouettes are not in perspective. Our eye if 
accustomed to see objects diminish in proportion to their 

* £m Nature . 
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ishing perspective between each of the decreasing lines* 
and places the cut thus formed in a large number o£ 
English and American newspapers. 

Here is a row of letter S’s and one of figure eights, taken, 
at random.* At a casual inspection the reader might say the 
letters were symmetrically made — that is, the top and bot- 
tom lobes of the figures and letters the same size — though 
upon a close inspection he would either say that it was. 


doubtful whether any difference existed or he would notice 
the true relation that exists, the top lobe being the smaller. 


Fig. 235. 


Fig. 236. 



Professor Thompson’s Optical Illusion. 

Let him, however, turn this page upside down, and the most 
cursory glance possible will show him their shapes, and the 
dissimilarity between the upper and lower halves will strike 
him with astonishment if he never tried the experiment, 
before. 

One of the most interesting of optical illusions is that 
devised by Prof. Silvanus P. Thompson. This is illus- 
trated by Figs. 235, 236, and 237. The first of these figures 
is composed of a series of concentric rings about a twen- 
tieth of an inch wide and the same distance apart. If the 


* Mr. G. Watmough Webster, in British Journal of Photography . 


illustration is moved by hand in a small circle without rotat- 
ing it, L <*., if it is given the same motion that is required to 
rinse out a pail, the circle will revolve around its center in 
the same direction that the drawing moves. 

A black circle (Fig. 23d) having a number ol equidistant 
internal teeth is provided for the second experiment, the 
drawing 1 being moved in the manner above described, but in 
a contrary direction, 

In log, 237 is shown a combination ot the toothed and 
concentric circles. 

By means of photographic transparencies Mr. Thump* 
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-son has shown these figures on a screen on n large scale, 
and by moving the plates as before described, the figures 
on the screen were made to rotate,* 

When viewed in a microscope under certain conditions, 
the minute markings of some of the diatoms appear as hex- 
agons, while under other conditions, and with a first-daw 
objective, they appear spherical, 

M. Nachet, the French microscopic, has published a 

# A. t)., cm p, 133, val, 41, Stt'mf ifit Am<trka*t % furnishes art explanation 
of tbe pkcmarmmu of them circles. 
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curious optical illusion which, he thinks, accounts for the 
marking's on the diatoms appearing as hexagons. 

The circular spots ( Fig. 238) are arranged as nearly as 


Fit;. 23B. 




possible like the markings on the diatom called Platrosigma 
angulatuM. If the figure is viewed through the eyelashes 
with the eyes partly closed, the circles will appear as hex- 
agons. 

Ftu, 239. 


In Fig. 239 is shown a negative reproduction of Fig. 238, 
in which the spots are white on a black ground. When 
these figures are compared, the white spots, on account of 
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irradiation, appear much larger than the black ones, although 
they are of exactly the same size. 

Fig*. 240 illustrates an interesting illusion observed by Mr. 
J. RapielT, the well known electrician. The apparatus con- 
sists of semicircular and circular wire loops, provided with 
axles, by which they may be twirled between the thumbs 
and fingers. The lower row of figures shows some of the 


■ v 




ISM 


1 i®i 


ttifiil 


' 








T'l'lT 






.Sv s 


SI 




im 


1 i 


RapielT « Optical UluMlcm, 

loops used in the experitnent, while the upper figures repre- 
sent the. effects produced. The wire has a polished surface. 
When the single semicircular loop is twirled, the only effect 
is to produce a gauzy glimmer of spherical form, as shown 
in the upper right hand figure. When three of the loops 
are joined together, each extending from the other at an 
angle of 120", the figure produced is similar to that already 
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described, but with two perfectly distinct curved black lines 
extending from one axle to the other, as shown in the upper 
central figure. When four loops are joined at right angles 
to each other, three jet black lines are shown, as indicated 
in the upper left hand figure. A circular loop shows a sin- 
gle bkrek line. 

This curious effect is produced by holding the apparatus 
so that the light is reflected as much as possible from the 
inner surface of the wire. The result is due to the eclipsing 
of the bright surface by the shaded portion of the upper 
loop as it passes between the eye and the lower loop. The 
whole of the loop is not eclipsed at the same instant, but 
persistence of vision causes the entire eclipse to be seen at 
once. 

Success in this experiment depends upon holding the 
loops in the right position relative to the light, as well as 
the provision of the proper background. The loops should 
be held over a dark ground, with the axles parallel with the 
plane of vision. 
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CHAPTER XII. 
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Glass, like all uncrystallized bodies, is said to be single 
refracting, because it diverts the ray in one direction only. 
By placing a rhomb of Iceland spar over a small black spot 
formed on a piece of white paper, two images of the spot 
appear, showing that the beam of light has been split up 
into two rays, one of which is called the ordinary 
ray, the other the extraordinary ray. As the rhomb is 
turned, the extraordinary ray moves around the urtli- 
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Iceland Spar. 


nary one, and the image of the spot produced by the 
extraordinary ray appears nearer to the observer than 
the spot itself. This property of splitting the ray trans- 
mitted through the crystal, which was first noticed and com- 
mented on by Erasmus Bartholinias, in tf/xj, is known as 
double refraction. It is possessed by many crystalline bodies 
in a greater or less degree. Both rays emerging from the 
spar have acquired peculiar properties. 

• Newton, after investigating the properties acquired by 
light in its passage through the spar, concluded that the 
particles had acquired characteristics analogous to those of 
magnetized bodies, that is, they had become two-sided, and 
were, in fact, polarized. 
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Light, in the state of two-sidedness as observed by New- 
ton, is still known as polarized light. By inserting the 
double refracting crystal known as tourmaline between the 
eye and the rhomb of spar, and turning it, the ordinary and 
extraordinary rays will be extinguished and will reappear in 
alternation. All vibrations, except those executed parallel 
with the axis of the tourmaline, are quenched. A Nieol 
prism (to be described later on) will do the same thing. 
When the Nicol is turned, the black spots seen by the 
two rays become alternately visible and invisible. One- 
quarter of a revolution of the prism is sufficient to extin- 
guish one ray, and bring the other out ; and a further turn- 
ing of the prism through another quarter of a revolution 



reproduces the extinguished spot and effaces the visible 
one. This experiment shows that the vibrations of the 
two rays are in planes at right angles to each other. A 
beam of light in which all of the transverse vibrations are 
parallel with a single plane is plane-polarized. Both of the 
beams emerging from the spar are therefore plane-polar- 
ized, but in different planes. 

The course of the light through the rhomb of Iceland 
spar when the incident ray is perpendicular to one of the 
faces of the crystal is shown in Mg. 242. The ordinary 
ray, A, passes straight through the crystal on the line, A 
C', while the extraordinary ray is bent away from the ordi- 
nary ray, on the line, B C. 
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When the incident ray enters the side of the rhomb at 
an angle (as shown in Fig. 243), the ordinary ray follows tin? 
law of refraction, and the extraordinary ray is bent away 
from the ordinary ray, as in the other case. p J( . 

The most: perfect instrument for polarizing 
light and analyzing it after its polarization is 
the Nicol prism, made from a rhomb of Iceland 
spar, and named after its inventor. In this Jjf' 
prism, the ordinary ray is disposed of, and the \ 
extraordinary ray alone is used. VI 

The prism which is shown in Fig. 244 con- V\ 

sLsts of a rhomb of Iceland spar, divided \\\ 

through its axis on the line, I) I>, with its ends vt\ 

cut off at right angles Co this line* The two ^ V 

halves of the prism are cemented together 
by Canada balsam, whose index is between that l*< 

of the two indices of the spar, so that (lie 
ordinary ray, B C\ meets the film of balsam U * mm ' 
at an angle which is sufficiently oblique to secure the 
reflection of this ray to one side, where it is lost, while 
the extraordinary ray, B C, passes through the balsam, and 
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as an analyzer, and since the Nieol prism is unsurpassed as 
a polarizer, it. will answer equally well lor an analyzer. 

Perhaps the action of polarized light cannot he better 
illustrated than by a representation ol a hypothetical beam 
oflight: and two tourmaline plates (Fig 1 , 245). Here is shown 
the beam of light with vibrations traversing the path of 
the beam in two directions. On reaching tin* first tourma- 
line plate, those vibrations which are parallel with the axis 
of the tourmaline crystal (represented by the parallel lines) 
are readily transmitted, but all the vibrations in any other 
direction are extinguished. The beam now polarized 
passes on to the second tourmaline plate, and the axis of 
the crystal being arranged at right angles with the plane 
of vibration, it is extinguished; but if the axis of the 
I'm. 247. Fin, 24s, 
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Tourmaline I’Iiucm. 

second tourmaline is parallel with the plane of vibration, 
the light will pass through. 

If the axes of the tourmalines are arranged at an angle 
of 45° with each other, the light is only partly extinguished. 

These effects of the two tourmaline plates are illustrated 
by the annexed diagrams, Fig. 246 showing the crystals 
with their axes arranged parallel with each other, Fig. 247 
showing them arranged at an angle of 45", and Fig. 248 
shows them crossed or arranged at right angles with each 
other, exhibiting a complete extinction of the ray at the 
intersection of the crystals. 

If, now, when the polarizer and analyzer cross, a double 
refracting crystal be inserted between them, the light pass* 
ing the polarizer will be made to vibrate in a different plane, 
and will therefore prevent the complete extinction of the 
beam by the analyzer. 
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Besides those means of polarizing light already described, 
there are others which should be examined. Light is polar-, 
ized by reflection at the proper angle from almost every 
object; glass, water, wood, the floating dust of the air,, 
all under certain conditions will polarize light. 

That the light beam becomes polarized may be readily 
ascertained by receiving it through a double-refracting body 
and an analyzer. 


Fig. 240. 



Polarization by Reflection and Refraction. 


T wo plates of unsilvered glass, receiving and reflecting- 
light, as indicated in Fig. 249, act respectively as polarizer 
and analyzer. 

For every substance there is an angle at which the polar- 
ization is at a maximum. For common window glass the 
angle the ray must make with the normal is 54 0 35'. This is 
called the polarizing angle. It depends upon the index of 
refraction of the glass, and is such that the reflected and 
transmitted rays are at right angles to each other. 

•Balfour Stewart explains polarization by reflection as 
follows : 

“ It is imagined that in the reflected ray the vibra- 
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tions arc all in a direction perpendicular to the plane 
of reflection, so that the portion of tlie incident ray 
consisting of vibrations in the plane of relied ion has not 
been reflected at all. If, therefore, we allow an ordinary 
ray of light (Fig. 249) first to be reflected front a plate of 
glass, at the polarizing angle, and if the reflected ray be 
again made to impinge upon another surface of glass at the 
same angle, the latter will then be the analyzer, and if its 
plane be parallel to the polarizer, as in the figure, the light 
will be again reflected in the direction indicated by the 
arrow. If the analyzer be turned round the first reflected 
ray as an axis, until its plane is at right angles to the polar- 
izer, it will be found that the light, is no longer reflected. 
For the reflected ray consists entirely of vibrations perpen- 
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Arrangumont of Potariaser, Analyser, ami Object to bo Examined. 

dicular to the iirst plane of incidence. But vibrations per- 
pendicular to the first plane of incidence will be in the sec- 
ond plane of incidence, which is at right angles to the first, 
and therefore they will not be reflected from the second sur- 
face.” 

A series of thin plates (Fig. 250), at the proper angle, 
polarizes light in a marked degree. These plates will also 
act in a similar manner when the light is transmitted through 
them, a part of the light in each of these cases being reflected 
and a part transmitted, both the reflected and transmitted 
beams being polarized, but in planes at right angles to each 
other. A single black glass plate is a good polarizer, but a 
bundle of glass plates backed with black is perhaps better. 
The arrangement of the polarizing and analyzing prisms 
with reference to the object to be examined is shown in 
Fig. 251. 

The beam of polarized light may be apparently depolar- 
ized by a body which will produce no color, but will simply 
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render the field bright when the polarizer and analyzer are 
crossed, as shown by the insertion of a rather thick piece 
of mica between the polarizer and analyzer. 

By placing thinner pieces of mica in the same position, 
various colors are produced. When the polarized beam en- 
counters the thin mica, it is resolved into two others at. right 
angles to each other, the waves of one being retarded with 
reference to the other ; but. as long as these rays vibrate at 
right angles to each other, they cannot interfere. The 
analyzer reduces these vibrations to the same plane, and 
renders visible the effects of interference due to the retard- 
ation of the waves of one part of the beam. The thick 
plate of mica gives no color, because the different colors 
were superposed and blended together, forming white light. 

In a slice of Iceland spar cut: at right angles to the axis 
of the crystal, the ray is not divided as it is when the light 
♦passes in any other direction through the crystal, and if the 
slice be placed in a parallel beam of polarized light, no marked 
effect is produced ; hut when the beam is rendered converg- 
ent, by a lens interposed between the polarizer and the crys- 
tal, beautiful interference phenomena are developed. 

When the polarizer and analyzer are crossed, a system of 
colored rings intersected by a black cross appears. 

The arms of the cross are parallel with the planes of the 
polarizer and analyzer. On these lines no light can pass, 
but between them the colors of the ringsincrea.se in inten- 
sity toward the middle of the quadrants inclosed by the 
arms where the interference is most marked. Turning the 
polarizer or analyzer causes complementary colors to change 
places, and brings out a white cross instead of the dark one. 

SIMI’I.K KXI'KRIMKN'TS IN I'OI.ARI/.KI) LIGHT. 

It is ever a source of pleasure to the student of science 
to be able to explore an unfamiliar realm by means of 
commonplace and readily accessible things, which, if not 
already possessed, may be had almost for the asking. 

There is scarcely a branch of scientific research more pro- 
lific in the development of expensive apparatus than that of 
light, yet there is nothing in the domain of physics capable 
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of being better illustrated by apparatus of the most simple 
and inexpensive character. The subject of polarized light, 
as intricate and difficult as it may at first appear, may be 
illustrated by apparatus costing less than u dime, in a man- 
ner that can but excite the wonder and admiration of one 
inexperienced in this direction. 

A small piece of window glass and a black-covered book 
constitute the apparatus for beginning the study of this 
interesting subject, and with a glass bottle stopper, a glass 
paper weight, or a piece of mica, the effects of polarized 
light may at once be shown. 

The book is placed horizontally near a source of light. 
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such as a window or a lamp, so that a broad beam of light 
will fall obliquely on it, and upon the book is placed the 
object to be examined, which may be either of those named. 

Now, by viewing the reflected image of the object in 
the piece of window glass, with the glass arranged at the 
proper angle, it is probable that colors will be seen in the 
object. If no colors appear, it is due to one of three 
causes : either the object is incapable of depolarizing the 
light polarized by reflection from the book cover, or it is 
too thick or too thin to produce interference phenomena, of 
the eye of the observer and the glass employed for the 
analyzer are not in a correct position relative to the object 
and the polarizer (the book cover). 

The glass, if thoroughly annealed, will produce no effect 
on the polarized beam, but most thick pieces of glass, such 
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as paper weights, ink stands, heavy glass bottle stoppers, 
and the like, are either unannealed or only partly annealed, 
and are thus under permanent strain, which is readily inti i- 
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eateg by their action on polarized light. A plate of mica of 
suitable thickness exhibits bright colors when examined by 
polarized light, particularly when the plate is either bowed 
or inclined. 
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The most perfect analyzer, however, is the Nieol prism. 
A very small one will answer perfectly lor this class of 
experiments, and is not expensive. But to return to our 
experiments; when the analyzer and polarizer are crossed 
and the field is dark, if a few pieces of mica of various 
thicknesses and shapes are held between the analyzer and 
the black glass plate, and bowed and inclined at different 
angles, a great variety of tints will be observed, and if held 
in one position while the analyzer is turned, another effect 
will be noticed. 

Among the objects which may be examined in this way 
are the paper weights, stoppers, and other thick, partly 
annealed pieces of glass, a piece of glass held edgewise in a 
hand vise or pair of pliers, and put. under compression, as 
shown in Fig. 254. A piece of glass held edgewise for a 
moment in a small gas or candle flame, and then placed in 
the polarized beam, shows the strain by a light figure, like 
that represented in Fig. 255, or it may assume other forms, 
according to circumstances. As the glass cools, the figure 
fades away. 

Small glass squares and triangular and diamond-shaped 
plates, about, three-quarter inch across, suspended by a fine 
wire in the flame of a Bunsen burner or alcohol lamp until 
their corners begin to fuse, and then cooled in air, fieeome 
permanently strained, and exhibit symmetrical figures 
formed of dark and light spaces, but show little color on 
account of their thinness. By superposing several such 
plates, color effects may be seen. 

The beautiful verre trempe, or strained glass blocks, a few 
examples of which are represented at nr, t\ t , #/, in Fig. 253, 
are similar in character to what has just been descrilKrd. 
They vary in thickness from one-fourth inch to one-half 
inch, and even thicker. They are expensive objects, but 
exceedingly beautiful and interesting. 

In Fig. 256 is shown a method of polarizing and analyz- 
ing with a single bundle of plates, ft is, in principle, a Nor- 
rein berg doubler. The light strikes the under surface of the 
bundle of plates at the [K>larizing angle, and is reflected 
downward in a polarized state, passing through the object 
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which rests upon the horizontal silvered mirror, ll is then 
reflected back through the object, and passes through the 
bundle of plates to the eye ol the observer; the plates, as 
before stated, serving to analyze the polarized beam. 


Fig. 256. 
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Simple Form of Norreritbt?rg Doubler. 

A Norremberg doubler, which answers a good purpose, 
may be made by leaning a clear plate of glass upon the edge 
of a book, over a piece of ordinary looking glass, and em- 
ploying a bundle of glass plates as an analyzer, as shown in 
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material; the glass plate may be i.J incites wide by inches 
long*. 'Phis object exhibits line bands of prismatic color 
when viewed in the pnlariscopc. Two such semi-cylinders, 
when crossed, exhibit the intricate figure shown in big, 2 ( k \ 
with all the splendid colors of the spectrum. 

The object shown in Kig\ ibi is formed of a disk of mica 
having a sector cut out and (he radial edges overlapped, 
lorming a low corns The overlapping edges are best fast- 


Kui 360 



m mMi 

Mica CroftMtl 


ened together by small tin dips inserted In holes in the 
mica and bent downward on opposite sides. The clips are 
not noticeable, and are efficient in holding the edges together. 
Cement will not answer the purpose, as it at Uteres to the 
surface only, and it must he remembered 1 hat tttiea splits 
almost indefinitely. 

I he cone thus made has the appearance in the pol.u r* 
scope of a huge circular crystal of salicine. The colors of 
the cone may be heightened by mounting it on a sheet of 
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mica, as shown in the engraving. The cone is first placed 
in the polariscope, with the polarizer and analyzer crossed, 
.and turned until it appears brightest, when the lower edge 
is marked. The mica sheet is then placed in the polariscope*, 
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Mica Cone. 

and turned and marked in a similar way. The com* is 
then cemented by its edges to the sheet, the marked edges 
of both members being arranged in the same direction. 

The Maltese cross shown in Fig. 262 is revoluhle. The 
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first step toward the preparation of this object is to secure a 
pin head downward on a square of glass with sealing wax 
•or other cement. A small paper tube which will fit the pin 
loosely is then made, and a little head of sealing wax is 
formed around the tube near one end. A piece of mica is 
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selected which exhibits fine colors in the polariseope, and 
four equilateral triangles are cut from it, either with their 
corresponding’ sides cut upon the same base line, or with 
one side of each cut from one side of a square, or they may 
be cut and mounted haphazard. 

To the apex of the angle designed for attachment to the 
paper tube a small drop of sealing wax is applied, and with 
the tube on the pin the first triangle is attached by holding 
it in the required position by means of a pair of tweezers, 
and then fusing the wax on the mica and that cm the tube 
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Mlc# Wheel. 

simultaneously by means of a small heated wire, such as a 
knitting kncedle. 

The other members are placed and secured in a similar 
way, care being taken to arrange the triangles symmetri- 
cally, and at a slight angle with the plane of rotation of the 
object, as shown in the engraving. 

The wheel shown in Fig. 263 and the star shown in Fig, 
264 are prepared in a similar way. The sections of the 
wheel are cut from a circular piece of mica, and cemented 
in place on the paper tube after the fashion of a propeller 
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wheel or wind wheel. Each ray of the star is made of two 
scalene triangles of mica oppositely arranged with respect 
to each other, and inclined in opposite directions, the longer 
and shorter sides of adjacent triangles being fastened at the 
periphery of the star by a minute drop of sealing wax. 

In Fig. 264, beside the star are shown two somewhat 
similar objects, formed of strips of mica, pivoted together 
on a small rivet, one object having the pivot in the center 
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Star, Fun, and Crowed Bara of Mien. 

of the strips, the other having it at the end, giving the 
object an appearance similar to that of a folding fan. 

Any of these objects may be viewed by means of the 
black glass polarizer in connection with either of the forms 
of analyzer already described or in the simple form of Nor- 
remberg doubler. These objects are also very satisfactory 
when projected on the screen. 

I’OLARlSGOt'K.S. 

One of the simplest and best instruments for a certain 
class of investigations in polarized light is the Norremberg 


252 


HXI'K K t M KNTA I , SCI KNC K. 


doubler, named after its inventor, and shown in a very sim- 
ple form in Fig. 265. 

To one edge of a wooden base, (> in. square and three- 
fourths of an inch thick, is secured a vertical standard, 1 in. 
square and about 15 in. high, and to the top of the standard 
is attached an arm extending over the center of the base, 
and apertured to receive the short tube containing the ana- 
lyzing prism or bundle of glass plates. The tube mav be 
made of paper, hard wood, or metal, and it should be fitted 
with a shoulder, so that it will turn readily in the aperture 
of the arm. To the standard below the arm is fitted a stage 
formed of a thin piece of wood centrally apertured and 
blackened. 

The stage is notched to receive the standard, and is 
attached to a short vertical bar 1 in. wide. A clip of wood 
extending across the back of the bar, and two small clips 
secured to the sides of the short vertical bar, bear with 
sufficient friction on the standard to hold the stage in any 
desired position. 

About 6 in. above the base a grooved wooden strip is 
pivoted to the standard, by means of a common wood- 
screw passing loosely through the grooved strip and 
tightly through the standard. A wooden knob is turned 
on the end of the screw, and serves as a nut to bind the 
grooved strip in any desired position. The strip, screw, 
and knob are shown in detail at 2, Fig, 265. 

Into the groove of the strip is wedged or cemented a 
plate of glass, 4 by 9 in. A fine piece of ordinary window 
glass will answer, but plate glass is preferable. 

Upon the base is laid a square of ordinary looking glass, 
or, better, a piece of plate mirror. 

The tube, shown in detail partly in section at 3, is pro- 
vided with an inner tube of pasteboard or wood, divided 
obliquely at an angle of 35" 25' with the axis of the tube, 
and upon the oblique end of one-hall of the tube are placed 
twelve or fifteen well cleaned elliptical microscope cover 
glasses, which are held in place by the other half of the 
divided tube. This bundle of glass plates, if of good qual- 
ity and well cleaned, forms a very good analyzer; hut 
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instead of this, if it can be afforded, a small Nieol prism 
should be secured and mounted in a centrally apertured 
cork, the latter being inserted in the analyzer tube, as shown 
at 4. 

The object to be examined may belaid either on the stage 
or on the mirror below. If viewed on the stage, the usual 
effects will be observed ; but if laid on the mirror, it is 
traversed twice by the light, once by the incident beam and 
once by the reflected beam. This is particularly noticeable 
in thin films of mica and selenite, and it serves as an excel- 
lent means for selecting eighth and quarter wave plates, 
which are useful in the study of circular and elliptical 
polarization.* 

It. is quite difficult to produce a perfectly uniform thin 
film of selenite, owing to the brittleness of the material. 
For this reason mica is generally used, as it possesses consid- 
erable flexibility and toughness. The common method of 
cleaving off thin films of mica is to split off a model atelv 
thin plate and then separate the lamina; at one of the cor- 
ners by bending it between the thumb and fingers. A 
medium sized sewing needle secured point outward in a 
slender handle is probably the best instrument for teasing 
the lamina; apart ; but after the separation begins, the thin 
end of the ivory handle of an ink eraser seems to serve the 
purpose exceedingly well. 

A score or so of plates are split, and examined one by 
one in the Norremberg doubler, by laying them on the 
mirror and turning them in their own planes, while the 
polarizer and analyzer are crossed. Should the plates 
exhibit any unevenness under the test, they should be at once 
rejected. Such as exhibit an even tint should be preserved 
carefully, and examined further to determine which, if anv, 

# The writer mtcmU to deal Mparingly with the theornthial part ot thm mU 
jwt, enporially the portion relating to cdtctthtr ami alUpiirul polarisation. 11 
having been treated extensively in many physical work st ami in book* e*»pe 
dully devoted to light ami optic*. Daniels “ PliyMini,** prominent among 
work* of it* dans Light/* bv Lewis Wright, ami " Polarization of Light,' 1 
by William HpouinwootJe, art; mtcmlfant ht.m(c* t hearing mi the subject, 

The writer known of no better mean* of fteruring it good know) edge of polar 
ixed light than by reading thexis three booku. 
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possess the required equalities. Not every piece of mica 
will split evenly, therefore it may be necessary to make sev- 
eral trials before success is at tained. 

Should the film, when placed on the stage, exhibit a dull 
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and analyzer are parallel, it produces a difference of phase 
•of half a wave length, and is called a half wave film. As 
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a matter of course, if two films of like thickness, super- 
posed and arranged with their axes in the same direction, 
produce the same color under the same circumstances, they 
arc one-fourth wave films ; and if a pair of films exhibit the 
same color when similarly arranged on the mirror of the 
doubler, they may be regarded as eighth wave films, as the 
polarized beam passes twice through the film to produce the 
same tint. These films should be carefully mounted between 
glass plates, either dry or in benzole balsam, the latter being 
preferable. 

The practical application of the eighth and quarter wave 
films will be treated further on. Beautiful and instructive 
designs made from thin films are described and illustrated 
in Wright’s “ Light,” to which reference has been made. 

The only simple device for exhibiting the rings and 
brushes of wide-angled crystals is the tourmaline tongs 
{Fig. 274), of the kind commonly employed by opticians for 
testing spectacle lenses ; but the dark color of ordinary 
tourmaline renders a polariscope of this kind objectionable. 

A system of lenses devised by Norremberg, and im- 
proved by Hoffman, is at present employed for observing 
the phenomena of wide-angled crystals ; but it is a matter 
ot some difficulty to secure exactly such lenses as are 
required for the apparatus as constructed by Hoffman. 
Very good results, however, may Ik; obtained by the em- 
ployment of lenses designed for other purposes. Reference 
is made to the hemispherical condensing lenses used by 
microseopists, and ordinary meniscus (pe risen pic) spectacle 
lenses. Six lenses in all are required. The converging and 
collecting systems are exactly alike, but they are oppositely 
arranged with respect to each other. In the present case 
the two systems arc adapted to a Norremberg doubler, Fig. 
266, substantially like that described in a former part of this 
article, the main difference being that the instrument now 
illustrated is made principally of metal. 

The tube of the upper system of lenses is prolonged 
upward beyond the upper lens, Fig. 267, to receive a Nicol 
prism, E, or other analyzer, which is mounted in a short 
inner tube arranged to revolve in the outer tube. 
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The lower system of lenses is con- 
tained by a tube fitted to the stage of 
the doubler. The arrangement of the 
lenses and analyzer is shown in Fig. 
267. The two systems of lenses being 
alike, a description of one will answer 
for both. The object, A, to -be ob- 
served is held between the adjacent 
ends of the two tubes in the universal 
holder shown in Fig. 266. 

The lens, B, next the object is 
nearly a hemisphere, about eleven- 
sixteenths inch in diameter and 
three-eighths inch focus. The second 
lens, C, a meniscus (periscopic) spec- 
tacle lens of 3 inch focus, \s arranged 
with the concave face one-sixteenth 
inch from the convex side of the 
hemisphere. Beyond the 3 inch 
meniscus, 34 inches distant, is placed 
a biconvex spectacle lens, D, of 4 
inch focus. The inner surfaces of 
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the tubes are made dead black by 
the application of a varnish formed 


of lampblack and alcohol, in which 
only a trace of shellac has been 
dissolved. 

The tubes may have any suitable 
diameter, and the proportions of the 
doubler may be about the same as 
indicated by Fig. 266, which is one- 
quarter actual size. The tubes and 
Lenses shown in Fig. 267 arc one-half 
size. The exact proportions, except V 
as to the focal lengths and distances 
apart of the lenses, arc immaterial. 
The lower system of lenses must 
produce a very convergent beam of ^ 
light, while the upper system is 1 
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arranged to collect the rays alter tlu*\ pass through t bo 
crystal, and bring’ them within t lit" range of vision. 

The angle between the oplie axes in some crystals is so 
small as to permit of seeing them readily. Niter and car- 
bonate of lead arc* examples of stu b c rystals ; but there are 
other crystals whose angle is so great as to render it exceed 
ingly difficult to exhibit them, and in some crystals the 
angle is so wide as to render it impossible to sec* both axes 
at once. The only method of exhibiting them is by tilting 
the crystal first in one direction and then in the other, and 
viewing them separately. 

Figs. 268 to 273, inclusive*, represent the figures shown 
by several crystals in the instrument illustrated, The draw 
mgs, having been hiatle directly from the* objec ts by the* aid 
of the instrument, are correct in form and proportion, but 
the beautiful coloring is necessarily absent. 

Fig, 268 shows tin* rings and brushes exhibited In cab 
cite in a convergent beam of polarized light, with the polar 
izer and analyzer crossed. With the polarizer and analyzer 
parallel, the dark cross is replaced by a white our 

Niter is shown in log. 2f*i as it appears when the ana- 
lyzer is crossed. With the* analyzer parallel with the polar 
izing plate, the dark brushes are replaced by tight ours. 
Turning the crystal in its own plane produces different 
effects. 

In Fig, 270 is shown a figure produced by a slice uf 
quartz cut at right angles to the axis uf the crystal, ami 
examined in the instrument with the analyzer arranged at an 
angle of 45* with the* polarizer. Crystal* of quart/ van tit 
their effects on the polarized beam, sunn- input iug the* turn- 
ing of the analyzer to the right aurl others to the left to pro- 
duce like results. For this reason the plates are called 
right or left handed, acc ording to the* direction in which the 
analyzer is required to be turned. 

By superposing a tight hand quart/ *m a hit hand 
quartz, the beautiful spirals die- mmed by Airv, am! named 
after their discoverer* mav be exhibited, these spirals are 
shown in Fig, 271. 

In Fig, 272 is shown the figure produced by the infer- 
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position of a quarter wave mica film between the polarizer 
and a plate of quartz viewed in tin- instrument. This 
altered appearance is due to circular polarization, a phe- 
nomenon treated extensively in the literature ot the subject, 
but requiring an explanation too elaborate tor the space at 
command. 

Caleite polarized circularly shows singularly broken tip 
and disjointed rings, the brush-like cross bring absent, ami 

when analyzed circularly, or 
viewed through a quarter wave 
plate, as well as through the 
analyzer, the lings appear per- 
fect, and then* are no transverse 
markings. 

Fig. \ shows the intricate 
figure poulticed by aragonite 
hemitiopr, or a pair of crystals 
arranged at right angles with 
each other. Somewhat similar 
figures are produced by crossed 
plates of mica. 

The following is a list of some 
additional objects widt h may he 
viewed in the instrument : 

Sulphate of nit kef, sugar, ara- 
gonite, bichromate of potash, 
ehrvso beryl, chrysolite, topaz, 
anhydrite. Instead of employ- 
ing the Norremberg doubler for polarization, the lower tulre 
may be prolonged, and a large N'ictd pr ism inserted and 
arranged like the analyzer. 

In Fig. 374 is shown the tourmaline tongs, the simplest 
polar! scope known. It consists of two plates of tourmaline, 
cut parallel to the optic axis of the* crystal, ami mounted in 
cells arranged to turn lit eyes formed at the extremities of 
the looped wire. When the plates are parallel, light passes 
through them; but when they are arranged at right angles 
with each other, the light is completely extinguished. If a 
plate of quartz crystal, a Brazilian pebble sjH*c tade tens for 
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example, be placed between the tourmalines arranged in this 
way, the light will again pass, showing that it has been 
depolarized by the rock crystal. 

This has been accepted us an intallible test ..t the genu- 
ineness of quartz lenses. In the hands ni an expert it is 
undoubtedly valuable, but glass lenses ttiav be put under 
strain by heating them and allowing them to cool rather 
quickly. They will then, to some degree, act on the polar- 
ized beam like the true crystal. 

This form of polariseope is useful in the examination of 
crystals generally, but on account of the natural dar k color 
of the tourmaline, the utility of the instrument is limited, 

In Fig. 275 is shown a polariseope designed lot the 
examination of large objects, such as glassware, etc. It 
consists tif a bundle of t6 glass [dates, alsntt ,'u or inches 
square, arranged with reference to the N’ieol prism employed 
as an analyzer at an angle of 35 25'. Behind the series of 
plates is hinged a board covered with black velvet, which 
may he raised up parallel with the glass plates when it is 
desired to polarize the beam by reflection. 

The analyzer, a Nicol prism, is mounted in a revolubte 
tube, supported by the small adjustable standard. Articles 
to be examined are placed on the small table between the 
polarizer and analyzer. 

The light for the polariseope should be taken through 
cither a white paper or cloth screen or a [date of ground 
glass. Any strain in the article examined will exhibit itself 
by its depolarizing effect on the polarized beam. 

SIMPl.K i’Ot.AKIHCUt'g FOR microscopic niijlrls. 

The examination of microscopic crystals bv the aid of 
the polariseope is an exceedingly interesting part of the study 
of polarized light. The indescribable play of colors, and 
the variety of exquisite forms of the smaller crystals, render 
this branch of the subject very fascinating. But to under- 
take the examination of this class **f objects in the usual 
way requires a microscope with the addition of a potari- 
scope, which calls for an outlay «*f at least titty dollars, 
besides the cost of the objects, and while it is believed that 
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inches focus respectively, giving when combined a f inch 
focus, 50 cents; eighteen elliptical microscope cover glasses 
for analyzer, 38 cents. The cost of wood for the principal 
parts, the pasteboard tubes, the glass for the polarizer, and 
the metal strips for the slidedmlding springs, can hardly be 
counted, and the labor must be charged to the account of 
recreation; so that less than one dollar pays for an instru- 
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such an outlay would be indirectly, if not directly, profit- 
able, it is not necessary to expend a fiftieth of that amount 
to arrive at very satisfactory results. 

The cost: of the compact and efficient little instrument 
shown in Fig. 276 is as follows: 

One pocket magnifier, having t wo lenses ii inches and 2 

Fia. 27b. 
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ment that will enable its mvnrrtu examine almost the* entire 
ranjfe of microscopic polariscopc objec ts with a choree u 
satisfaction little* less than that a (Ton led In the* use* ol the 
best instruments. 

The form, proportions, and material of the body ol tin 
instrument are entirely matters of individual taste. In the 
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Longitudinal Soetlan of Polariiieope tend tteuil*, Hair Sim. 

A, Longitudinal StoLlon. H, mh! t - lamp. c: t f 'rot* %m u*»m r|**«$* 

and MagntlMir. 

present case, the hand piece and sliding stage art* made of 
\ in. mahogany, the handle being formed tm the hand 
piece by turning. The stage is in. square, atul has in its 
lower edge a half inch square, transverse groove, which 
receives the square rod projecting from the hand piece at 
right angles. The rod is held in the groove by a wooden 
strip fastened to the lower edge of the stage by two wood 
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screws, .so that, it bears with a light friction mi the under side 
of the rod. 

The hand piece and stage are both pierced above the rod 
with holes which are axially in line with each other. The 
diameter of the holes is governed by the size of the cover 
glasses. Those in the instrument shown are of the exact 
size and form of the annexed diagram (Fig. 278). 

These cover glasses are procurable from any dealer in 
supplies for microscopists. Eighteen of them, at least, are 
required. The paper tube inclosing these glasses is a little 
more than j| in. internal diameter; its outside diameter 
is l in. and its length is tj in. A narrow paper collar is 
glued around one end of the tube, and both the hand piece 
and the stage are counterbored to receive the collar, as 
shown in the sectional view, A, Fig. 277. To the tube thus 
described is fitted an internal {taper tube, 
which is about in. shorter than the 
•outer tube. The inner tube is divided 
diagonally atari angle of 35" 25', which is 
the complement ol the polarizing angle 
for glass (54" 35 '). The oblique surfaces 
thus formed, when placed in the tube in Mllptleal Cover Glaas 
-opposition to each other, support them between the glass 
plates at the polarizing angle. The simplest way to arrange 
tire angles of the tubes and other parts of the polariscope 
is by the employment of a triangle of cardboard like that 
illustrated in lug. 279. In fact, a copy of the triangle here 
shown may be used. 

It is sometimes a matter of considerable difficulty to 
clean the thin cover glasses without the risk of breaking 
a large percentage of them. An effective device for hold- 
ing the glasses while they arc being cleaned is shown in 
Fig. 280. It consists of a piece of thin Bristol-board, hav- 
ing an elliptical aperture loosely fitting tire edges of the 
glass to be cleaned, and a plain card glued to the buck of 
the apertured card, and forming the bottom of the shallow 
recess into which the glasses are dropped for cleaning. The 
holder may be pressed down upon the table by the fingers 
•of one hand, while the glass is rubbed with a soft linen 
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handkerchief, after being breathed on. i das 
be easily and t horoughlv cleaned in this wa\ 
for this purp< >se. 

Before the ""lass plates are put together* t 
with a camel s hair brush to remove any adl 
dust. The paper tubes arc made dead hi 
outside. 

The front of the stage* is provided with 
brass springs, which serve to clamp the nhje 
light pressure to the* stage. In flu* bark of f 
the central aperture, is formed a groove foi 
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black glass polarizing plate. Tin- gtoovr m»j 
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POLARIZED LIGHT. 


analyzer. Any convex lens of suitable focus ma] 
into the service. The face of the stage and otl 
the instrument visible through the analyzer are 
The object to be viewed is placed on th€ 
focused, when the instrument is held so that the 
polarizing plate reflects the light through the 
through the analyzer. The analyzer is then turi 
object observed. To heighten the color effects 
selenite or mica may be placed immediately 


Fig. 280. 



Holder for Glass. 


object, or between the stage and black glass j 
plates of suitable thickness are selected by trial h 
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coating of plumbago, which diminishes friction 
vents sticking 1 . The objects which nut v be r\ami 
aid of this instrument are very numerous. Mar 
are easily prepared, ami some need no preparal 
The chemical salts mentioned below may be pr 
observation by allowing their solutions to evap 
slip of glass: Alum, bichromate* ot potash, bit 
mercury, boracie acid, carbonate ol potash, ea 
soda, citric acid, chlorate of potash, hyposulphit 
iodide of potassium, nitrate of ammonia, nitrate 
nitrate of soda, oxalic acid, prussiate ot potash t 
siate of potash (yellow), sugar, sulphate ot eoppr 
of iron, sulphate of nickel, sulphate of potash, * 
soda, sulphate of zinc, tartaric acid. 

Slips of glass, 1x3 inches, are convenient lot 
pose. A circle about f inch diameter is forme 
slip with a piece of paraffin or wax, and white flu 
supported in a level position, a few drops of a rati 
solution are placed in each circle, and the slips ai 
to remain quietly until the crystals form. 

For methods of covering and preserving tlies 
as well as for hints on the preparation of the in* 11 
crystals, the reader is referred to the chapter on ut 

The following vegetable and animal substams 
examined by polarized light : 

Cuticles, hairs, scales from leaves, fibers of 1 
flax, starch grains, thin longitudinal sections of w* 
spicules of sponges and gorgouia, cuttlefish t« 
quills, horn, finger nail, and skim These objects 

thin and translucent or f raiwo»*r#*tif ft t«£ HHf'mtiS »* i 


POLARIZED LIGHT. 



determination of sugars. In medicine, it finds 
tion in the examination of diabetic urine. In g 
mineralogy, it is of utility in determining the 
nature of rocks and minerals. In photometry, it 
basis of several photometers. p U ;. am. 


In photography, the polari- 
scope, or at least a part of 
it— the Nieol prism—has been 
employed for reducing the 
glare of highly illuminated 
objects. In a similar way, 
the Nieol prism has been 
used for extending the field 
of vision in a fog. It forms 
an important part of the 
water telescope. It has also 
been used to some advantage* 
in viewing paintings unfavor- 
ably situated in galleries. In 
the trades the polariscope 
lias proved useful in detect- 
ing strains in glass. By opti- 
cians, it has for years been 
recognized as a test for the 
genuineness of Brazilian peb- 
ble lenses for spectacles. It 
has also proved of great uti- 
lity to the inieroseopist in the* 
examination of minute struc- 
tures. 
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is thus obtained, which has been fount 
reliable in metallurgical operations. 

One the most curious uses of point 
indication of the time of day. Sir (lui 
devised a polar clock in which a Nieol 
neetion with atmospheric polarization is t 
the time of day. Several forms of this 
been made; one of them is shown in P 
Atmospheric polarization, according to P 
is due to the reflection of li^ht front t he* 
matter floating in the air. By evaminine; t 
day by means of a Nieol prism and a pk 


polarized light. 


polar axis of the earth. On the lower halt ot thi 
graduated semicircle, divided into twelve part 
which is again subdivided into five or ten parts), a 
the divisions the hours of the day are marked, eo 
and terminating with VI. Within the fixed brash 
taining the glass dial plate, .the broad end ol t 
tube is so fitted that it freely moves round its own 
broad end is closed by another glass disk, in the 
which is a small star or other figure, formed of th 
selenite, exhibiting, when examined with polar 
strongly contrasted colors; and a hand is painted 
position as to be a prolongation of one of tin* prh 
tions of the crystalline films. At the smaller < 
conical tube a Nieol prism is fixed so that eit 
diagonals shall be 45" from the principal sect 
selenite films. 

The instrument being so fixed that flu* 
conical tube shall coincide with the polar axis of 
and the eye of the observer being placed to 
prism, it will be remarked that, the selenite st 
general be richly colored ; but as the tube is tur 
axis the colors will vary in intensity, and in t.\v< 
will entirely disappear. In one of these positions 
circular disk hi the center of the star will be a ert 
(red for instance), while in the other position it u 
the complementary color. 

This effect is obtained by placing the prim:! 
of the small central disk * from that of t he 
of selenite which form the star. The rule? to as< 
time by this instrument is as follows; The 
be turned round by the hand of the observer 
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SUCCI-STIUNS IN’ DKfOKATIVK 

Occasionally, evidences of the use of tl 
decorative art are seen, and every mierosc 

Fu;. 283. 


Sdiciiit! Crystals. 

there are thousands of beautiful forms 
human vision which are revealed only to 

Fto. 284. 





microscope.* These minute forms are always i 
their construction and finish, often symmetrical a 

Fig. 285. 


Santonin?. 

in form, and quite as often finely colored. All th 
microscopic objects in general, but it is espeeui 

Fig. 286. 


POLARIZED Lioirr. 
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polariseopie microscope objects. Some 
certain extent, artificial. 1 lu* crystals, h» 
result of manipulation, but the laws ut 
natural, so that, after all, we a re indebted 
these objects. 

In the present instance, a tew striking 
tallizatiou have been selected as the hast 
lions in decorative art, I hese crystals, a 
arized light in the microscope, are shuw 
engravings, necessarily divested ot their 


Fa; 



Burtlai lUiiin ur F«ir/r, 


that of color. Tin* forms only arc shown 



I'OLARIZKl » Miilir. 


In Fig. 284 are shown the delicate, leathery crys 
sulphate of cadmium, in which the coloring, as exhibit 
polarized light, is scarcely mine beaut did than the e\< 
forms. The .shapes of the different crystals vary som< 
but there is a, characteristic feature pervading them al 
In Fig. 285 are shown crystals of santonine in a \ 


Fm. iiBH. 
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Fig. 287 will be recognizee! as a part e 
border, formed of lit hit: acid as a ground, 
cyanide of barium as the division of f lie j 
of sulphate of cadmium as rosettes upon 
panels. 

Fig. 288 shows a panel formed in part 

Fin. 3% 


polarizkd i .uarr. 


a row of crystals of kinate ot ijuinia, arranged 
ground. 

Fig. 290 shows a pattern having a haekgromn 


Fig. 290. 



Pattern with Background of Stearic Acid and < h vstal 
Stalks, ami Flowmi, 


acid, branches of piatino-eyanide of barium* leave; 
cyanide of magnesium, and flowers of salieima 
What has been shown in the engravings const 
a hint of what may be done in tins direction, T 
of beautiful crystals and other polariseope objeei 
for this purpose is very large. 
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CHAPTER Xltl. 

M Il'Ri >St '( >t'V. 

The world of the minute existing bevoj 
unaided vision is little realized by those vv 
cst in microscopy. The beauty ami perfet 
works of nature can never be fully km 
medium of literature or art ; the objects tl 
observed by the student personally. 

In every pond and stream may be h 
forms of life. In every plant and flower 
stalks, among the sands and rocks, almost 
seasons, may be found objects of ubsorbu 
student; of microscopy. Animals and itrsn 
ufacturcd articles, yield objects which 1 
microscopically with pleasure and profit 
mineralogy afford attractive fields, and tl 
the microscope a necessity in his invest igat 
so inclined cannot fail of finding interest in 
objects with little difficulty. 

Microscopical investigations mav be t 
aid of an ordinary inexpensive microscop 
natural course of things, will give place t 
instrument and a complete list of aceesso 
student becomes interested in the subjet 


MICROSCOPY. 


By aid of the small stick water is placed, drop 
in the cells until the lenses acquire the desired t 
Objects held below the glass will be more or less i 
according to the diameter and convexity of the tin 
A convenient stand for the water lens is show 
292. The detail views are vertical sections of t 
showing the screw for adjusting the convexity of 
The stand is made of wood. The sleeve that 
the stage slides freely upon the vertical standard, 
having a milled head passes through the upper e 


Fur atji. 
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standard, and has wound upoi* it a strong silk tli 
end of which is tied to a nin oroiectinir from the « 




MICROSCOPY. 

microscope is an instrument in which a lens, or 
lenses, known as an objective, forms a real ai 
enlarged image of the object, and in which thi 
itself magnified by a second lens or system of len 
as the eyepiece or ocular. 

Fie. 303. 
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achromatic objective divisible into two \u 
ror may be swung over the stage for ih 
opaque objects. 

Ku;. 2 ^ 4 . 


Diaphragm and Fiat* Adjustmrni 


To the instrument as received from flu 
applied a home-made diaphragm, as sho 
294, and a fine adjustment, as shown at B t 


Ftu at)$. 
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MICROSCOPY. 


self-supporting — the perforations of the metal I 
ively one-sixteenth, one-eighth, three-sixteenth 
and live-sixteenths inch diameter, all arranged 
inal line of the metal plate intersecting the axi 
microscope tube, so that the centers of the he 
phragm may be made to coincide with the ecu 
in the stage. 

The attachment for line adjustment is in; 
ing one end of a thin metal plate twice at ri< 
that it will spring on the edge of the stage ai 
stage tightly. The opposite end of the metal 
in a similar manner, but the space between the 
plate and the bent-over end is made wider, tt 
small amount of movement of this end of the j 
portion of this end of the plate extending unde 
inserted a fine screw with a milled head, 
which the free end of the plate may he made h 
up or down through a small distance. The 
plate is inserted under the stage clips, and tin 
is inserted between the clips and the movable 

The instrument lias no rack adjustment, 
tube slides easily and smoothly in the guide 
little or no difficulty is experienced in focus 
the instrument and accessories, only the folio 
will be required to begin in earnest the sti 
seopic objects: A small pair of spring foreep* 
objects, a few concaved glass slides, a few thin 
a glass drop tube, a small kerosene lamp; and 
gator desires to entertain his friends with tin 

Rif. % * M 1 I »» ♦ t t *«** 4* t»l *’*«**» 



The lamp should be provided with a shade 
to prevent the li^ht from passing direetlv froi 
the eyes. A small Japanese fan suspended f 
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MICROSCOPY. 

the light must be reflected straight upward 
object and through the tube. 

When opaque objects are examined, the mir 
above the stage and made to concentrate the 
object. Different angles of illumination should 
some objects are greatly relieved by their shs 


Fuj. s« 



Light Modifier. iris Dktpl 


others require illumination as nearly vertical 
Experience will soon indicate the rigid magi 
different objects. This may he varied by takin 
ting on the lower half of the objective, also by 
or pushing in the draw tube. 

For truly scientific microscopical work a ! 


Pm, 2 98. 
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micrometer screw is used for the fine adjust n 
which is revoluble, is made thin to allow 
obliquity of illumination. The arms whit 
sub-stage and the mirror turn upon the sail 
capable of being moved independently, T 
be swung above the stage for the illumimi 
objects. 

The sub-stage is adapted to receive an; 
series, such as the light modifier shown in F 
denser represented in Pig. 2cjS, and other 
indispensable appliances. A stand of this e! 
feetly adapted to objectives of the highest cl 
merits required to secure any angle of ill 
position of the object, or any degree of fin 
king, can be made quickly and with prcci 
sessor of a microscope of this quality will 
degree of satisfaction which the poorer ; 
never give. 

A larger, more complete, and at the sa 
more expensive microscope is shown in Fig. 
tion with light-intermitting apparatus. This 
in addition to the features already descr 
mechanism for centering the stages, a rack 
the sub-stage adjustment, a graduated circle 
graduated head on the micrometer screw, gr 
the pillars for the angle of inclination of the 
nations at the base for measuring angles of 
microscope of either of these grades, with a 
fine objectives, eyepieces, and other necessr 
will yield all the results attainable at this > 


MICROSCOPY. 


and diaphragms, by which the light may Ik* 
This condenser has a very wide angle, and is a< 
use in connection with objectives of all grade* 
efficiency is specially noticeable when it is used 
tion with objectives of high numerical aperture h 
ination of difficult objects and the resolution of te 

The iris diaphragm shown in Fig. is of *. 
in ordinary work. As its name indicates, its ape 
be expanded or contracted to adapt, it to a partiet 
It shuts off much superfluous light, thus saving 
at the same time improving definition of the obje 

For further information regarding microscope 
accessories the reader in referred to the* literal 
subject. Of this there* is an ample* supply.* 

( ;ati i k kino m ick( >st *opic onj k< * rs. 

Objects for microscopical examination are g; 
means of a wide-mouthed bottle clamped in tong 
to a long handle, cane, or even a fishing rod. 
device mud can be removed from the* bottom, fin* 
leaves of aquatic plants can be scraped so as to n 
maleules, and objects can be readily dipped from 
shallow places. The under surface of plants and 
hanging over into the water may be* scraped wit 
tie, and more or less of the* matter adhering flier 
secured. Occasionally a long leaf like that of th 
he lifted from the water and traversed by the 1; 
good results. Small twigs and dead leaves float 
water are often found teeming with life. The tin 
animalcules and forms of minute plant life fount 
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upward through the stopper, is used tor con< 
material. Over the lower end of this funnel 
piece of thin muslin, and to the upper end is ;i 
piece of rubber pipe, which is retained in a ci 
by a thread tied around the neck of the butt l 
rial gathered is poured into the funnel, the 
through the strainer, and the objects are retail 
tle. # The hooked knife shown in the engravh 


Imptoimmtt tar tfatheoiti? Mkimo4i§,t «.i? 


utility in cutting and fishing out parts of atpi.i 
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At I in this engraving are shown v:i 
lace-covered one at the top being the see 
compacta . The seed in the center is that c 
on the right of the lace-covered one is the s 
The fringed one below it is that of the etin 
tom of the disk the seed of sorrel is show) 
portulacea at the right. The remaining 
that of cucharidium. 

No. 2 represents the proboscis of t 
appears in the field of the microscope, 
intricate structure of the pseudo-trachea 
the cut as it appears in the microscope. 

No. 3 shows the doubling hooks of a 1 
enable the insect to connect the wings of 
they may be used as a single wing. 

No. 4 shows the silieious stellate hair? 
deutzia leaf. The upper half of 5 shows 
diatoms, and the lower half is filled with d 
In 6 branehipus is shown at the top, cy 
a young cy clops at the bottom, and dapli 
flea at the. right These are common 
pond. 

In disk 7 are shown on the left the sten 
account of its trumpet-like form ; in the ct 
and sensitive vorticclla, and upon the righ 
common rotifer, and upon the extreme ri 
trumpet; animalcule. All of these have c 
margins, which by their peculiar vibrator) 
bell-shaped mouths the appearance of rota 
mon rotifer, and in the animals shown in t 
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14 shows arborescent crystals of silver, and 15 the 
crystals of gold.* 

TRANSFKR OF OBJHCTS TO SUUK. 

The objects are transferred from the bottle to 
cavity of the slide for examination in the manner s 

Ft<; 301. 




Transferring Objects to tho Slide, 


Fig. 301. The drop tube, which has a futmeUshapi 
stopped by the linger at the upper end, while its h 
is inserted in the water in the bottle above the mat 
removed. The finger is then removed and son 
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Compressor, 
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slide, as shown in the engraving, when a t 
water is forced out by pressing down t lie* 
on the top of the tube; the soft end ot the 
sort of diaphragm in forcing out the re 
water, ("are must be taken to avoid gel 
upon the slide around the edge of the eav 
vent the cover glass from seating itsel 
cover glass is placed over the cavity a 
lightly to squeeze out the surplus water, \ 
be inserted under the clips of the stage an 
A more convenient device for holdi 
represented in Fig. 302. It is known a 
and serves to lightly hold any object pi 
glass in the oblong plate and t he* glass in t 
in any position it retains a drop of water. 

To confine living objects to the field o 
mon to place between the glasses of the 
fibers of cotton or a piece of fine hu e, 

1 

i 

MICROSCOPIC EXAMINATION OK MUA I K 
j INTERMITTENT UfiHl. 

Every observing person has noticed th 
appear stationary when viewed by a flash i 
of this are seen during every t hunder stun 
night. The wheels of a carriage, a utovin 
! moving thing, seen by the tight of the 1 

perfectly stationary, the duration of the li 
as to admit of only an inappreciable move. 

while illumination lasts. 

ir i.., ...... ........... .. ... * _ .. .. _ 
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flashes of light succeed each other ever so little : 
the rotary period of the revolving body, the 
appear to move slowly forward, while in reality 
mg rapidly; and should the light flashes succeed 
more rapidly than the revolutions of the revo 
the body will appear to move slowly baekwa 
direction opposite to that; in which it is really tu 
These curious effects are also produced whr 
her of the light flashes is a multiple of the muni) 
!ut ions, or vice versa. 

The combined effect of interrupted illuminati 
sistcncc of vision may be practically utilized for 
objects under motion which could not otherwi 

Fin, 303 
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Light Interrupter lor the Mlrrmetipe, 

factorily studied. To apply intermittent light tt 
scopical examination of ciliated organisms, the 
devised the electrically rotated apertured disl 






olutions of the disk. The shaft: carries a comm 
the course of the current from the battery tl 
instrument is through the spring touching the o 
through the shaft and frame of the instrum 
magnet, thence out and back to the battery. Th 
methods by which the speed of rotation of tin 
disk may be varied; one is by plunging the elen 
battery more or less, and the other is by ap 
finger to the shaft of the motor as a brake, th 
the latter case being started at its maximum 
then slowed down to the required degree by 
of the finger. 

Experiment shows that the period of darki 
be to the period of illumination about as th: 
for the best effects. Closing two diametrical] 
holes in the disk represented in the cut secure: 
correct proportion. 

Various rotifers examined by intermittent lif> 
the cilia perfectly stationary. The ciliary lilame 
of the infusoria, vorticella, and the stentor, fu 
when viewed by intermittent light, appeared to 
and their length seemed much greater than whet 
by continuous light. The interrupted light brin 
only the cilia around the oral aperture, but sho\ 
advantage the cilia disposed along the marj, 
body. 

What interrupted light may reveal in the exa 
flagellate or ciliated plants the writer is unable tt 
objects of this character have been available. It 
able, however, that something interesting will i 
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tured piece of wood, provided with a glass slide uj 
to rest the frog’s foot. A piece of cork lias been 
this purpose without the glass slide. 

The slice of cork has a hole near one end corn 
with the hole in the stage of the microscope. T 1 
wrapped in a wet cloth and held in place upon the 
means of a small rubber band (lug. 305). One of 
legs is extended. To two or three of the toes are 
threads which are held under tension by ordinary 
into the cork. The foot is moistened to render 
more transparent, and the circulation is observe 
three-fourth or one inch objective. 

The circulation of blood in the tail of a gold fis 
more complicated apparatus. It: consists of a met 
provided with a thin extension, having in its 11 
lower sides glass windows, formed of cover glas 
recesses and secured by marine glue. The fish is 
in a strip of thin muslin, as shown at 3, to deprive 
use* of its fins, and laid upon its side in the tank, as 
2, in lug. 306, with its tail between two windows, 
t he* light <0 pass upward through the tissues from 1 
of the instrument. The tank is filled with water, i\ 
vent the fish from jumping, small wooden cross 
placed in different positions in the tank. A r rang 
way, the fish may be observed for about twent.3 
The blood is seen flowing in crimson streams i 
directions through the tissues of t he tail, the < 
being distinctly visible. A one-inch or three-qu; 
objective is ample for this purpose. 

The blood of the frog is white, and the eorp 
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mounting. For such objects the method 
annexed engraving (log. 307} is ot great, utili 
of inclosing the object quickly, complete! 
and in a presentable form, and while it s< 
adapted to such objects as are common and 
unmounted, it is, of course, applicable to 
object. 

To carryout this method, only two arti 



Quick Method of mountitiif MitTo*comt: O! 
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flange at the bottom, for attachment to the slide, 
vary in depth according to the depth of cell recp 
under surface of each ring is coated with thick 
nish and allowed to dry thoroughly. When tlu 
dry and hard, a clean cover glass is dropped int< 
and the ring is placed bottom upward on th 
stand and heated until the shellac melts and thor 
ers the edge of the cover glass. The ring is iv 
to cool, when the cover will be ready for use. 
course, be understood that a quantity of rings an 
thus prepared and held in reserve. In fact, it is 
that the manufacturers of microscopists’ suppli 
nish the rings and covers thus prepared, ready 
use. 

The object to be protected is attached to t 
means of cement, in the usual way. 

A ring containing a glass cover is arrang< 


Pig. 308. 



Sectional View of the Slide and Hoating Tool. 


object, and the heating tool is warmed and placi 
outer flange of the ring, as shown in the section! 
308. By this means sufficient heat is imparted 
to melt the shellac upon that portion touched 1: 
ing tool, and cause it to attach itself to the glass 
the work of an instant to cover an object in th 
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mule is then placed upon a turn table, as sin 
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previously made in the side of the ring. Th 
stopped with cement, applied with a hot wire 
Dr. Stiles* wax cell is simple in construct 
in appearance, and very effective for dry oh jet 
Sheet wax, such as is used by t he makers of 
ers, is the material employed in the construct! 
Three or four sheets of different colors are pn 
by the thumb and finger to cause them to 
square of the combined sheet thus formed of 
for a cell is cut out and pressed upon a glu> 


MICROSCOPY. 


disk of black paper is pressed upon the lower ] 
The final finish is given to the cell by a coati 
varnish, applied while the slide is on the turn 
cells are very quickly made and have the fin: 
ance of a cell formed of different colored cemc 

MICROSCOPICAL EXAMINATION OF THE PHE 
COLORS OF THIN PLATES. 

As all works on light and on general physic 
phenomenon of the interference of light as ext 
transparent plates or films, it will be unnecessa 
an examination of this subject in detail ; but 
less prove both interesting and profitable to th< 
in microscopy to take up the study of this sut 
aid of the microscope. 

There is nothing more beautiful than Newt 
a soap film, or extremely thin plates of mica 
in a microscope by properly directed light. I 
geous colors of polarized light cannot be exc 
comparison ; but it is difficult with ordinary 
see these exquisite tints. 

The writer, after some experiment, devise 
the ready exhibition of Newton’s rings and 
phenomena, as shown by the soap film. 

The device for the exhibition of Newton’s r 
in Fig. 310, 1 showing the position of the n 
microscope stage, 2 being a perspective view 
and 3 a diametrical section of the rubber cell c 
plane and convex glasses. The plane glass 
from one of the finer kind of glass slips, comr 
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The position of the cell relative to flu* s< 
shown at i. 'The cell and the source of ligl: 
should be arranged so that the intake ol the 
illumination or the broad light of the skv v 
up the tube. The objective (a .? inch, with , 
may now be focused, when the rings, whit 
field, will appear with great brilliancy. Hr 


Flu, 3 in. 



somewhat varied by turning the cell at tliffc 


MICROSCOPY. 


An interesting experiment, showing the 
between the effect of pure sunlight and artifi 
consists in adjusting the mirror so as to simultar 
ceive light from the sky and from a lamp or gas 1 
portion of the disk illuminated by the lamp light 
predominance of yellow, a greenish hue taking tl 
the blue ; the red being also modified. 

Monochromatic light, such as is secured by pa 
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Holder for Soap Film. 


through a deep red glass, for example, shows tl 
alternately red and black. 

The device for exhibiting the soap film, whicl 
in Fig. 311, will now need little explanation, 
pivoted in the same manner as the cell already 
By dipping the finger in soapy water, and passi 
the ring, a film will remain in the ring, which ma} 
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Mount of Mica Plates. 
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then take the bright point in a pair of dean 
the larger part off, then toueh the edge of 
with Canada balsam, and put it in posit 
These little plates of mica are viewed in t 
as the Newton's rings. 

It is perhaps hardly necessary to say 
pared a good mount of the mica plates, 
inclose it under a cover, as soon as eonvei 
dust. 

MICROSCOPIC OBSERVATION* OF VlIJRA 

A metal rod fixed in a vise at one end 
glass bead attached to the other end, const i 

Fm, 313. 
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with the apparatus alluded to, but it is not alw; 
nient to do it. 

A vibrating rod permanently mounted in 5 
arranged for observation with a microscope is 
Fig. 313,1 representing the mount in perspective, 
it in section, 3 showing the rods detached from th< 

To an ordinary 3x1 inch glass slip is connect 
tube A, inch internal diameter and 1 % inches 
blackened on the inside. 

The cement is applied carefully, so as to have 
clean and clear with the tube. To a cork fitted t< 
end of the tube is cemented a wire spiral formed 
in. of No. 40 spring brass wire. The diameter of t 
^ inch. The end of the spiral next the glass slip 
in a straight arm £ in. long, upon the end of whit 


Fig. 3*4. 



Curves traced by Vibrating Rod. 


a minute bead of black glass. A smooth bead is 
first fusing borax on the end of the wire, then tot 
borax while in a fused state with a thin threat 
glass, then breaking the thread a short distanct 
end of the wire, and finally fusing it by gradual] 
it forward into the flame until a perfect bead of tb 
size is formed. 

The nnrlr wit h t h fh antral la inc^rtWI In r 
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orally sufficient to set the* spiral info an a 1 \ 
ping on t lit* table nil which tin* mh ? < »s» » <| 
the head to deset the intricate nim\ 

By striking the side of the papet t ubr 
torero, different figures will he produced. 
Illuminating tin* bead trout two point* 
jj curves. 

§ While this mount is perhaps not strit 

object, it may nevertheless be viewed to 

microscope*. 

I 

SIM UK OOl.AUlSt « »!•!■: M*K Ml*-: M 

jjj To the draw tube ot the microscope 

tube, which is readily made hv gumming 
winding it unuttul a cylindrical stu k ot th 
the paper tube is fitted a second tube, an 
cut diagonally through flu* ceutei at an 
One of these pieces is inserted in the first 

I or eighteen elliptical glass covets, such c 

ering mounted microscopic objects, are pi 
nally cut end of the inner lube, 

Fhe glasses should be thoroughly rlr; 
position in the tube they are held by the 
diagonally cad tube. ‘The sectional view 
clearly shows the position of these glasses 
The tube which goes under the sfng 
cisely the? same way, and is supported in | 
a short paper tube secured to a cardltoa. 
to slide over the stage of the microscope 
engraving. Notches are formed in the 
upper part of the casing to allow it to %lij 
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slip. Some oi these substances, salicine fo 
be fused upon the slip and recrystallized. 

The colors may be heightened by placinj 
behind the object during examination. Difi 
be produced by different thicknesses of inie: 

Among animal substances to be cxaminc< 
fish scales, parings of the finger nails and ( 
parings of corns and of horn. 

Among vegetable substances, the section 
the cuticle of plants, the rush for example, f< 
scopic objects. 

Many minerals show well in polarized lif 
generally difficult of preparation. Selenite 
It may be readily reduced to the proper thi 
brilliant effects. 

The polariscope above described, althou 
ble as one provided with a pair of Nicol pri: 
loss worth having, and will give its possessu 
satisfaction. 
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CHAPTER XIV. 


T II E TK L ESC. O PE. 

Some hints are here given as to the eonstrm 
cheap and efficient telescope which will give its p 
great, deal of enjoyment, and will serve to stimu) 
nominal observation and research. 

Plate IV. represents the telescope, its standan 
various parts in section and in detail. The object 
shown in the engraving, is a meniscus lens 2.1 incl 
meter and 36 to 38 inch focus. It is mounted in 
cell, B, having an internal flange or fillet aboi 
wide, forming a true support for the lens an 
against the end of the paper tube, D, which forms 
of the telescope. The lens is retained in its cell 
strip, E, of brass which is sprung into the cell at 
down against the lens. The cell is fastened to th 
common wood-screws, which pass through the < 
the paper forming the tube. It is perhaps need! 
that the cell should be made of some thorough!) 
hard wood, which is not liable to change under tit 
influences. Hard maple answers a good put 
mahogany is preferable. 

To protect the objective when not in use, a ca| 
or pasteboard, neatly covered with morocco or 
fitted to the cell. 



The focusing' tube, G, which is of brass, ij ind 
nal diameter and u inches long, is guided by 
wooden piece, II, fitted to the end of the pastebo; 
I), and held by three or four ordinary round-headt 
screws. 

The piece, II, has a shoulder, a, against which t 
the pasteboard tube abuts, and only about three-qi 
an inch of the piece, II, actually fits the tube 1 , th< 
from b to c being tapered as indicated in the engra 
near the extreme inner end, about 34 inches from t 
der, there are three screws, r/, used in collimating t 
ing tube, G. 

The bore of the piece, II, is somewhat larger 
focusing tube, G, and is provided with a doth lui 
each end to insure the smooth working of the tube. 

A short distance from the shoulder, a, a morti 
three-quarters of an inch square is made through tl 
the tube, I), and the piece, IT, and a transverse 
formed to receive the wooden spindle, I, which is 
in the middle to receive the rubber thimble, J, an 
one end a milled head by which it may be turn 
spindle, I, is held in place by concave pieces, 
turn are retained by the curved plate, attached to 
I), by screws. The rubber thimble, J, is of sufficient 
to reach to and press upon the focusing tube, and 1 
has a series of transverse grooves filed in it to in> 
dent friction to move the* tube, G, in and out a 
spindle, 1, is turned. This simple device may 
instead of the usual focusing mechanism, but a rad 

inn \k nmfnriihltv 
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Fig. 316. It is of little use to adapt such an eyepi 
instrument unless it is first provided with an a 
objective. It is then a powerful telescope, which 1 
one to see well for many miles. The method of 
the lenses described in connection with the ast 
eyepieces will be followed here, therefore little r 
the diameter and focus of the lenses and their dist; 
need be given. There are four plano-convex lens 
C', D', mounted in two pairs in wooden cells, E', F 
the tube, G', which in turn is fitted to the focusing 
The cell, E', has a % inch aperture for the eye ai 
which projects beyond the tube, G'. The lens, A 

inch in diameter and 1 inch focus. The ler 
inch diameter and if inch focus. The lens, C', 
diameter, inch focus. The lens, D', is $• dial 
1 % inch focus. The plane face of A' is if inchc; 
plane face of B', and a stop, H', having a -jV incl 
is placed 1 J inches from the face of the lens, A', 
plane face of the lens, B', to the plane side of the 
is 3! inches. The distance between the plane s 
lens, C', and the plane face of the lens, D', is if inc 
distance of inch from the face of the lens, C', 
diaphragm, I', having a J4 inch aperture. It will Ik 
that in this case the convex sides of the lenses, 
turned toward each other. 

At the extreme inner end of the tube, G', thcr 
phragm, K\ of j| aperture, which is held in pla 
circular springs. The interior surfaces must be wt 
to prevent reflection. 

The method of mounting the lenses here s 
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measurably true. To determine whether the focusin; 
G, and cell, B, are axially in line, a truly cut eardboar 
with a pin hole exactly in the center may be placed 
cell, B. A similar disk may also be placed in each < 
the focusing tube, G. 

Now, by adjusting the piece, II, by means of tin 
screws, rf, the three pin holes in the disks may be i 
brought upon the same axial line; then, if tin* louse; 
been carefully centered by the manufacturer, the teh 
will be found sufficiently well collimated. If, howevi 
desired to ascertain whether the lens is truly cento 
may be turned in its cell, while the telescope is in a 
position, and directed toward some immovable nbje 
the image moves as the lens is turned, it shows that ft 
tering is defective. 

If there are doubts as to whether the axis of the 
tive coincides with the axis of the tube* the latter n 
supported in V-shaped supports adapted to the truly 1 
ends, then by placing a candle at some distance fro 
face of the lens, and turning the tube in its V suppu 
the same time viewing the reflection of the candle 
lens, it will at once be known by the movement 
reflection that the cell requires adjustment to rend 
axis of the objective and that of the tube coincident. 

With a telescope of this description a large muni 
celestial objects may be examined with great satisf; 
The moon furnishes an unending source of delight, sh 
as it does a face that is ever changing throughout the 
month. Jupiter is an interesting study of winch «mi 
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For nebulae, star groups, and double stars, the fu 
should be used. The great nebula of Orion is :\ 
ing object ; many of t he star groups are very plea 
sun also, when the spots are visible, may be vi 
satisfaction. Of course, the sun glass will be app 
the observer attempts to view the sun, otherwi 
may be injured or destroyed. A double or pi 
lens, of long focus, may be used for an objeetiv 
meniscus is better. 

If the mountings have been carefully made, 
eus or the piano or double convex lens will so 
planted by a good achromatic objective, which w 
the efficiency of the instrument many fold. 

As to the telescope stand, little need be said, 
struction is so clearly shown in the engraving, 
be made too solid. If it is very clumsy, this is n< 
If it is slender, it will shake. Every tremor has 
of the magnifying power of the telescope, and i 
to a wonderful extent. 

The stand represented is easily constructed a 
an excellent purpose. From the ground to the 
hexagonal huh, M, it is four feet. Three o 
nate sides of the hub are wider than the interim' 
to receive the wrought iron hinges by which t 
attached. To attach the hinges, the pin is first < 
one-half of the hinge is then attached to the I< 
other half to the huh, M, when the pin is replaces 

No. 5 is a top view of the hub and the upper 
the legs; 6 is a vertical section. A i| inch ho 
through the hub to receive the standard, N, whi< 

i. 4 i « . . tA.™. a. 
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trough, P, in which the telescope is secured by stn 
form of the joint is shown at 3, winch is a vertical t 


Fin. 3x7. 
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a wing nut by which it may be tightened. The $ 
the joint as well as the upper end of the standard 
coated with black lead to insure smooth working 
set firmly in the ground, while it cannot be rm 
place to place, has the advantage of being rigid, 
one of the best of cheap stands. 

COMPACT TELESCOPE. 

In Fig. 317 is represented a fine telescope of : 
ture, the optical parts of which are made after tli 
of the late R. B. Tolies. 

This telescope is suitable for either celestial 
trial observation. The high perfection of the 
permits of a very short focus (24 inches), which i 
of considerable importance in portable telescopes, 

Saturn with his rings and satellites, Jupitc 
moons, the nebula of Orion, and other nebulae, t 
star clusters and many of the double stars may be 
a great deal of satisfaction with this little telescoj 
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CHAPTER XV. 

v n o to o k a v n v. 

Probably no branch of applied science is * 
all classes of people as that of photograph v. 
practiced by professionals and amateurs vv 
degrees of skill, varying from that which can | 
a recognizable shadow to that which is capable 
results little short of perfection. 

A great deal depends upon manipulative ski 
depends upon the apparatus, and, while a ea 
quality is indispensable, the best instrument oi 
not compensate for carelessness nor tor lack 
judgment required in many of the operatioi 
graphy. 

Since the introduction of the dry |»lat<\ the 
its accessories, together with a lew pans an* 
glasses, constitute the outfit with which the o 
carried on. 

The lens is a vital part of the outfit. 1 
selected with more regard for its qualif y than i 

While photographs can tie taken with a 
compound achromatic lens is very desirable 
many kinds of lenses in use; those having a \vi 
short focus, employed for photographing hui 
views, near objects and interiors, and those <> 
angle and longer focus, adapted for views hav. 
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some of the best lenses of recent construction and 1 
“ good ” lenses have been relegated to the second-ha 
dealer. 

The marvelous perfection of modern lenses can hare 
be appreciated without the actual trial. The new len 
have great definition, flatness of field, surprising depth 
focus, and rapidity equal to any demand. They are a 
non-astigmatic — a characteristic that cannot be oyere* 
mated. 

Any good camera box will answer, provided it is lig 
tight. The more expensive boxes with swing backs, risi 
fronts and focusing mechanism are convenient and desirat 
The modern plate holders are easily manipulated in the ds 
room, and they are not cumbersome to carry. By the use 
kits, large plate holders may be adapted to small plates, 
small and light tripod may be chosen, but it should hz 
sufficient rigidity to hold the camera steadily. 

The cloth used to cover the head while focusing shoi 
be light-tight, also waterproof, as in case of a storm it rr 
be used to protect the camera and the plate holders. 

The dealers furnish a great variety of plates from wh 
to choose. Beginners will experience the greatest satisl 
tion in slow plates, as with these the danger of over-exposi 
is small. Plates must be kept in a dry place and carefu 
protected from the light. The boxes of plates should 
opened and the plates inserted in the plate holders in a p 
fectly dark room, if possible. If a light is required, a rr 
lamp capable of giving a dark red light may. be used, 1 
the light must* be used cautiously. Probably more pla 
are fogged in a dark room than elsewhere by .needl 
exposure to the ruby light. , It seems hardly necessary 
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the camera box is adjusted until a position is I 
the particular object appears sharp on the gn 
the image is too large, the camera must be i 
not large enough, it must, of course, be m 
After focusing, a suitable stop is inserted in 
This will vary with the light and with the inte 
It will be found that the light acts very muc 
July day than in December, and that the du: 
sure varies with the hour of the day as well a 
of year, so that a larger stop must be used or 
sure made in winter than in summer, and in tl 
evening than at midday. 

The use of a stop gives more detail in t 
consequence of allowing a longer exposure 
greater depth of field. After the insertion o 
cap is put on, the plate holder is inserted i: 
the slide withdrawn. Everything being read 
sure, the cap is removed and replaced. On 


plate with the smallest stop will require froii 
seconds, but the time cannot be given wit 
must be learned by experience. With a fast 
sure given by removing the cap anti immedi; 
it is sufficient. With a quick-working lens 
would be too long. An instantaneous ahui 
required. 

If it can be avoided, the camera should n« 
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lantern slides or for reproductions, the ordinary cairn 
will usually he found too short, but a pasteboard ex 
may be fitted to the box. For copying, a good aehi 
rectilinear lens is necessary. When the work is cl 
daylight, the camera should be placed with the back 
toward the window, the object to be copied being pi 
front of the camera and well illuminated. In this ( 
work much depends on careful focusing. A mag 
glass of iS or io inch focus is of great utility in this < 
tion. By employing a kerosene or gas lamp provide 
a reflector, copying may be successfully carried on a 
The exposures under these circumstances vary fr< 
minutes to a half hour. 

Instantaneous photography is attractive at d intei 
but difficult. It should be practiced only when net: 
Time exposures arc always preferable when they ar 
hie. Excellent instantaneous pictures may be take: 
ever, after a little practice, but success is not always < 

For instantaneous work, a good shutter and a 
working lens will be required. The camera is foci 
the usual way. A large stop is inserted in the lens ta 
a fast plate is used. The slide is removed, and wl 
object is sighted, the shutter is let off. 

The (exposure and development of a plate are inti 
related to each other ; a properly exposed plate nui) 
be spoiled in developing, while, on the other hand, an 
under or over exposed plate can never be made to p 
a good negative by any process of developing. A pc 
dark room illuminated only by a ruby light with an 
colored glass superposed is indispensable. It sho 
furnished with a sink and running water, but progre 


There art* several dr\ eluprts b»* div p 

mg' is one of t he best ; 

lu tu h Pin* - / * '(ash / V * 'f a / 

No, i.-~ Pyro Solution, 

Sulphite of socluiehemteulh pure u v 
Warm distilled or melted tee wutei . 

When t ooled to about J u l’»dr, add : 
Sulphurous add water t strongest t» 

had), 

And lastly, pyrogatlie arid. 

No. a. —Potash Sotufion 

A, 

Carbonate* potash ichemically pure). 


Sulphite soda u hettiteallv pure ervst 

Water 

Make A and II separately anti flies 

solution. 

For a plate* jmiti into I lie gradual 
oi the pyro solution ami | drachm of the 
water, ^liv well, 'The plate should be lig 
with a soft camels hair brush. and placed 
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follow. Development should be proceeded with 
parts of the picture show clearly by transmitted 1 
until the plate turns gray, and the linage scene 
away. The outlines of the image appear on the ba 
plate when it is sufficiently developed. If a plate ( 
quickly, say within a minute, it is over-exposed, an 
be removed to a pan containing water to which is 
small quantity of developer with the pyro solution 
or the plate may be placed in the developer, to w 
been added a few drops of a solution containing i 
of potassium bromide in 2 oz. water. 

In ease a plate is very much over-exposed, it 
come up in a long time, and will be worthless. 1 
should not come up in a reasonable length of time, 
the potash solution should be added. An undei 
instantaneous plate may be started by placing* it i 
solution oi potash and water, then developing with 2 
of alkali. Fogging is produced by too much alkali, 

Over-development produces a hard negative, In 
it is difficult to make a good print. Weak negative 
clear shadows, with plenty of detail, but kicking ini 
the high lights, are the result of over-exposure. T< 
high lights with weak shadows are due to under-t 
Transparent spiffs (pinholes) are caused by dust, 01 
hies formed in development. If a plate during dev< 
is seen to kick detail in places, the development 
forced at such points by applying a large, soft, roi 
el\s hair brush charged with moderately strong < 1 < 
The brush is rapidly passed over the portion of the 
be brought out, care being taken not to touch t 
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he thoroughly washed uttei h.intlliiit; it 

solution isdisVoloml.it must he replace, 

tion 

The plate is left in the living solur 
after the yellow color uas eutiieh dis. 
ftlm: then it is washed thoroughly unit 
hypo is removed. Soaking tor several 1 
water, frequently changed, is etfectivi 
hypo. The permanence of the negati 
washing. The negatives should he pi 
dry, in a cool place, free from dust. 

The hvdruchiuou developer is Saiga 
good satisfaction. With this, the drveh 
can he as easily controlled as with the 
advantage of not staining the lingers t 
An under-exposed plate which is hey* 
pyro developer can he brought out So 
with hyilroeliiuon. 

The formula for C'arhutt's hvdrut hi 

follows: 

A. 

Hydrochimm 

Crystallized sulphite soda 

Distilled water 

B, 

Carbonate potash (pure- 

Distilled water 
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ing a little slower each time. Old developer maj 
for over-exposed plates and for lantern slides. Fii 
may be obtained by beginning the develoi)inent: wi 
hydrochinon and finishing with the old, weaker sol 
this order may be reversed. The plates are wa> 
fixed as before described. The developer should b 
well-corked bottles in a dark, cool place. 

If a negative lacks density in the high lights, i 
intensified with bichloride of mercury and ammonia 
cyanide; but if it is over-exposed, intensification 
help it. The negative may be intensified at any t 
the final washing, even after it: has been dried, but 
should be soaked in water for a few minutes befor 
tying. 

An ounce of bichloride of mercury in a quart, 
constitutes the intensifying solution. In this imt 
negative, rocking it gently until it is of a light sti 
all through. It is then rinsed thoroughly. 

After the negative is thoroughly washed it is pi 
solution of water and ammonia (i drachm strong 
to a pint of water), or in the silver cyanide, whe: 
lowed to remain until it. is blackened through the 
is them washed thoroughly. 

* Lantern slide plates measure 3*4 x 4 inches, 
made of much thinner glass than the ordinary 
plates. If negatives are not of the proper size ft 
slides, they may be printed in the camera. 

For contact prints the negative is laid in the 
frame fact* up, and a lantern slide plate is laid face 
this. A piece of black paper is then placed over 

f it 1 j i ’ » » x . I .I.. 1 ... /I £ ± » « i' 
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All lantern slide plates are slow, and at 
orange light in the dark room A to »< >d t 
purpose is a weak hvdrnchiuonsolution. 
begin to appear in trout three to five admit 
completely developed in fifteen minutes, 
liable to veil the high lights, anti while 
handsome it) look at, it will lie wnrthh 
The high lights iti a slitle should be* petit 
With a negative having c lear shadows and 
should be taken not to print too heavily, 1 
lights wall be* clear, other parts will la* ii 
detail. Alter development is completed, t 
thoroughly and fiscal in hypo as alteadv 
fixing solution should Ik* fresh and clean, 
is complete, the* plate is washed thonn 
swabbed with wet cotton wind. After ! 
they are coated with thin collodion In flow 
the plate. The slide's an* cove* red with 
same* si/e. Worthless negative and posit i 
cleaned with very dilute* hvdrofitioric a 
slide covers. A mat is interposed hrfwn 
the cover, and the two glasses are bound 
hestve paper cut into onedialf or three- ri 
A small label should be placed on the huve 
of the slitle? to serve as a guide tit putting i 

PUt MTlNti, 

Few amateurs find profit in preparing 
for printing. And as various good ready 
arc* found in the market accompanied wit it 

t i HI l llti #♦# Ittlt **#* * *1 * It-iM*.. t a t 
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example, the printing should be continued until i 
shades darker than required in the finished print. 

It is advisable to trim all prints before toni 
trimming may be done on a glass plate, using a g 
ming form to guide the knife. Prints should be 
kept from the light until they are toned. They i 
toned within two or three days from the time of { 
the sooner, the better. The prints are thoroughl 
in eight or ten waters until the free silver is washe 
the water is clear, before they are placed in tl 
solution. 

Formulas of several toning baths are given belt 

For Purple or Pluck Tones, 

Chloride of gold.. 2 gra 

Bicarbonate of soda S to 16 

• Water lb mu 

For purple tones the smaller quantity of hi 
soda is used; for black tones, the larger quanti 
solution should be made up an hour before use 
kept in stock. 

Tor Deep Brown Tones . 


Chloride of gold i gn 

Sodium acetate .20 

Water 10 ou 

Make up several hours before use. 

In either case use enough solution to fill the pa 
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muck* according to the last formula demit 
kept in a dark place tor future use. 

The fixing hath consists of : 


Water, ............. 

Sodium hyposulphite ............ . 

The hypo should he dissolved heloir tl 
The prints may all he put into the hi po at 
not more than two sheets of paper to eat It 
They should he turned and moved about o 
time required for fixing will he hum n 
minutes. The hypo reddens and lades pr 
been only partially toned or printed too lig! 
all prints is rendered lighter hy the hypo, 
prints must In* thoroughly washed h*r an 
water or in several waters and allowed to s< 
erahle time, say half an hour between the 
permanence of tin.* print depends upon this 
The prints when eompletelv washed, an* 
may he squeegeed. 
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No equipment for a tour or a summer’s 
complete without a photographic outfit hr 
tarns ms memoranda of semes ami object- 
the road, tm the* river or lake, or in the pit t 
mountain and valley. The principal tin 
graph v in these days is not with the plates ; 
of old, hut with the more or less cumbers' 
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simple and admits of the use of flexible bail's for hoi 
plates before and after exposure. The bags— wh 
one plate each— arc made of the stout black paper 1 
the trade as leatherette. Each bag has a very thin 
of leather, such as is used by bookbinders on vt 
work, and around the mouth of the bag is glued a 

Fie. 318. 





lathe present ease, the plate holder pr 
brass and fitted to the camera box, Irom vv 
removed, except in ease ot some disarm 
interior parts of the camera,. The holder < 
sheath, made of suitable si/e to readily adit; 
provided with an opening in tin* iron! side* 
the field of the lens. This opening is surrou 
which fits light-tight into the camera box. 

Two light bowed springs, a\ are solderet! 


Interior ot Cooko < aimer*, 


the sheath, and tend to press the plate forw 

film into the local plane. 
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light can enter. Now, by straightening the bag; 
the camera, the plate contained by the bag will 
tall into the holder. The bag can now be folded 
back of the holder and held there by one of 
bands extending over the top and under the bo 
box. The removal of the plate from the came 
the reverse of what has just been described ; tin 
is unfolded, and the camera being inverted, 
dropped into the bag, when the bag is again 
removed from the holder. 

The shutter of this little camera is both simp 
tive. It admits of instantaneous and time exj 
can readily be adjusted to any required speed wi 
ing the camera box. 

The shutter consists of a light metallic disk, 
with a central boss arranged to turn on a stud 
from a plate secured to the inner surface 1 of the I 
box. A stout but tine cord, />, is attached by 01 
small loop soldered to the face of the shutter 
once around the boss of the shutter ; the rei 
passes through a hole in the end of the spring, < 
d y passes through the top of the camera, throuf 
the spring, r, the nut being fitted to the slot of 
and provided with shoulders which support the 
turning the screw, d y the spring may be made 
shutter with more or less rapidity, as may be r< 
cord, t\ inserted in an eye on the boss of the 
wound in a direction opposite that of the eord, 
through a hole in the box and serves to set the 

The shutter is provided with two small st 
stud. /’ be h m nr named near the nerinherv of 
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extends behind the eat eh, //, in sueh a way as 
cat eh, //*, to move a short distance before 
catch,//, Kach catch is provided with a stuc 
jects through the camera box and [nesses 
leather covering, forming two small convex pn 
When an instantaneous exposure is desired, t 
released by pressing the projection, /, When 
sure is to be made, the button, ///, is pressed, 
tion first throws the catch, //', into the path 
g, then releases the stud, /, allowing the sin 
until the stud, ,g, strikes the catch, //. Hus w 
shutter in an open position. When the catch, / 
the shutter closes. For time exposures the 
may he placed on any convenient support. 

For instantaneous exposures, the camera m 
the hand. One desiring to make a camera of \ 
having the proper facilities, could substitute a 
tor and pinion for the shutter boss and the c 
operating it. 

The camera lens is of the spherical, with 
with a fixed focus for all distances from five tec 

The camera box is 2 inches deep and \\ it 
outside measurement. The camera was ilesigt: 
as a tourist’s companion for taking lantern view 
served its purpose very wadi indeed. 

SIMPLE PHOTtHitiAPUH A N t » PtinTn-M It ‘U 
APPAKATl'S, 

While first class photographic instruments 
only by makers having the* greatest skill and 
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the tube will determine the size of the earners 
avoid turning the camera or plate holder, the b 
square, and the inside dimensions of the plate 
such as to permit of placing the plate either liori 
vertically, according to the subject to be plu 
The plate holder is 5$ inches square inside, and 
with a wooden back of sufficient thickness to s 
hooks employed for holding the plate. Ther 
V-shaped wire hooks, a, at the bottom of the 1 
for receiving the end edge of the plate, and 1 
apart, and arranged higher up, for receiving the 
of the plate; and near the top of the holder ther 
Z-shaped hooks, a, one in the center for engagi 
edge of the plate, and one near each side of t he 
receiving the side edge of the plate. The top o 
is slotted, and the sides and bottom are grooved 
the slide, winch covers the plate before and aftc 
To the under surface of the upper part of the ft 
plate holder is attached a looped strip of elastic I 
such as broadcloth or beaver, which closes over 
the plate holder, as shown at to, Plate V., when 
withdrawn, and thus shuts out the light. The 
the plate holder, as well as the slide, should be 
black, by applying a varnish made by adding tit 
drops of shellac varnish to one ounce of alcohol, 
in lampblack until the required blackness is seen 

The main frame of the camera box is made 
is secured at right angles to the base board. T 
provided with a narrow bead or ledge that wi 
front of the plate holder and exclude the light. 

Tn H t .» 1 tf i f *!**#*> c r * # * f t # t ft it t »* 
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lenses. Ordinary meniscus spectacle lenses of 
focus are employed. These lenses are secur< 
by paper rings, shown at 3, the inner rings beir 
place, the outer ones being made removable for c 
in cleaning the lenses. The lenses are arranged 
convex sides outward; the distance between 
inches, and in one side of the tube, half way b 
lenses, is made a slot to receive the diaphragms, ; 
1 and 2. Upon each side of the slot, within th 
secured flat rings, shown at 4, which togetl 
guide for the diaphragms, as shown at 2 Plate V 
The tube is adjusted at the proper focal dis 
the plate by temporarily securing at the back of 
piece of ground glass or tracing paper, in exactl; 
plane as that occupied by the plate in the plate he 
tube is then moved back and forth until a focus 
which shows the image fairly sharp throughout tl 
arranging for a fixed focus, it is perhaps best t< 
foreground rather than the distance. The t 
move with sufficient friction to prevent it from l 
displaced. By using a small diaphragm, it wi 
unnecessary to focus each object separately. 

At 12, Plate V., is shown a combination of cl 
which is effective for portraits and for other clas 
in which focusing is admissible. It consists of tv 
lenses, each of inches focus, having their cc 
arranged outwardly and a plano-concave lens, 16 i: 
arranged with its concave side against the cone 
the outer lens of the system. The plano-conca 
rear meniscus lenses are arranged if- inches a 

nViro rvmc' rviotr Ka nco/’l oc in A A+Vi Ar aoca or»/^ 
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course, be used. They are procurable al 
and are inexpensive. As to the treat mew 
exposure*, and printing* and toning, flu* read 
the first: article in this chapter and to tin 
tographv. 

The amateur who possesses one of i 
already described may arrange* if for proj 
insert the end of the microscope tube in 
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to such an extent that Niepce’s son allowed 
its present name. Both inventors received 
the government for giving the invention to 1 
In this country the art was first practicec 
| was improved by Draper soon after it was i] 

S Daguerreotypy was very simple, easily 

1 easily managed, and was learned by many 

1 light business, requiring little capital and 

j! profits. 

The plates employed were copper faced 1 
metal was hard-rolled, and the plates,. as re< 

Fig. 321. 

i : 

I I 


tj 


Scouring the Plate. 

manufacturers, were flat and quite smooth, 
The first step toward the preparation of t 
was to clip the corners and turn down the e 
a machine designed for the purpose, to 1 
edges of the plate out of reach of the bi 
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The scouring- was effected by sprinkling on t 
finest rottenstone from a bottle having a thin m 
over its mouth, and the rottenstone as well as tli 
Canton flannel with which it was applied was 
with dilute alcohol. 'The center of the Cm 
square was then clasped between two of the i 
moved round and round with a gyratory moth 
plate acquired a fine dead-smooth surface. The 
of rottenstone were removed by means of a ole 
flannel. The plate was then transferred to a bln 
on a swinging support, and buffed by the vigor 




wssm 
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that incurred the necessity of an objectionable s 
where the leather lapped. The conical bull wht 
allowed of the use of a, whole skin, thereby ci isj 
the seam. 

After buffing 1 , the plate was taken to the clarl 
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quality of the lenses of the camera. The expo* 
best cameras was reasonably short. The old in 
with its antiquated camera and fixtures, and the 
with the appurtenances, are faithfully represen 
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120 to 13c.) Pah. In means oi 4 small spit 
perature was measured In a thennosml 
side of the vessel. Hie plate w as raise* 
examined In* the light of a taper, until tin 
brought out, when if was removed from 
and fixed.* 

The fixing (Pig. 328} consisted mere 

the plate repeated! v a solution of hvposu! 
ing sufficient strength to rniimr in aboir 
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gold and heating it gently by means of a spirit la 
thin film of gold was deposited upon the plate ai 


Fixing. 

ture attained the desired tone. The plate was t 
in clean water, and finally dried evenly and quit 
spirit lamp, 

Fui. 
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The finish d picture was protected bv 
the edj^os ol the ^iass aial plate ware sec 
strip et paper attached by means u| an adi 

latter on a metallic binding was added 
the n preserver.” The pint ures tints mo 
to east's and trames which were* mure 
varying in eost irom a lew eents to tttai 
dagnterreot v pcs were inserted in "'old to* 
and occasionally they were titled lo Itn^ 
receive them. 
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CHAPTER XVI. 

MAGNETISM. 

Nature furnishes permanent magnets u reach 
loclestcme being an example of such a magnet, 
to induce magnetism in magnetic bodies, the 
being the great, magnet by which the inductio 
secured. It is to the directive force of this g 
that the compass owes its value. 

The magnetism of the lodestone is due* do 


Ion. yyi 



Matfuutiam by Induction from the Earth, 


long exposure to the inductive influence of the 
net ism. Any body of magnetic material beeoi: 
rilv magnetized to some extent when placed in 
meridian parallel with the dipping needle, and i 
like soft iron, without coercive force* it loses it 
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dian to a position at ri^ht attains to its 
will lose its magnetism and u ill nut rep 
placintr a bar of hardened steel in the i 


Ofveliijmie’nt nf MagtiHKm 1 v T«*i 

and striking it several blows on the end 
it; becomes permanently ma^netie, not st 
ciently to exhibit polarity when presence 
needle. 

By twisting a rod of soft iron having * 
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bars mav be accomplished bv iiumiin “1 * 
formed of two roils above 4 deM i it >rd and a 
core (Fiji. The t*»sh.iped lui U plat* 

the elect re smagnet as slmun, n hen flu* 
through the* mils tor a short turn and 
Another method, wldrh is perhaps more 
in drawing the l '-shaped bar several time*- 
of tin* electro-magnet. 

In the search for perpetual motion, vatu 
made to discover a substanc e u hielt eon 
between the magnet and its armature, amt 
the expenditure of power, and which vvn 
lines of force, so as to allow the armature 
drawn forward and released, but no such s 


Ft*., ns 
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been discovered. The lines of force may ; 
a plate of soft iron placed between the ma 
lure, but it requires more power to itilrotli 
the magnetic field, and withdraw it there! 
recovered from the armature. Mg, ,114 
periment showing how mot hut tnay he 
force of a permanent magnet. An arttia 
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iron plate into the field again releases the armatur 
swings hack, this time a little farther than before, 
ing the iron plate in this manner synchronous!) 
oscillations of the armature, this may be made 
through a large arc. 

When a piece of soft iron is placed in direct co 
the poles of a permanent magnet;, the magneti 
nearly all concentrated upon the soft iron, so tin 
very little free magnetism in the vicinity of the pc 
magnet. 'Plus may be readily shown by arranging 

Fid 336, 


Permanent Magnet and Bar magnetized by Inductlu 


net, parallel with the magnetic meridian, placing i 
•iiwl tw,l«u .,1 ilu! majmet. :l enmnass so adi 
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recedes from the poles of the magnet i 
magnet upon the compass needle is ii 
movement of flic armature in the oppos 
ishes the power of the* magnet over the 
In Fi<»\ 33b is illustrated an example 
neti/ation bv induction, and of the eth 
magnet on flu* i re m so magnetized, show i 
induct ivelv ma^nd ixed aets like a perm 
needle. The soft iron bar is freely suspt 
its magnetism from tin* fixed magnet, 1 
pended bar adjacent to the N pole ot i! 
S, as mav be shown bv presenting to it ■? 
permanent magnet. Tin* S end ot the s 


immediately repelled. It the S end ot t 

net be presented to the opposite end «»! 
the reverse of what has been described < 
that end of the bar will be attracted, sin 


matt rats* inn eifr* r *4 m 
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manent magnet presented to the same end of t.h< 
will produce exactly the opposite effect in the bai 
therefore, neutralize the magnetism induced in t 
the first magnet, and cause the nail to drop. 

A similar effect is produced when the iron bar i 


Fuj. 338. 



Neutral Point between Unlike Poles. 


contact with the N pole of a magnet and the S pole 
magnet is brought; into contact with the opposite 
bar, as shown in Fig. 338. The nail will adhere 1 
when either magnet alone is in contact; with tin 
when dissimilar poles are brought into contact: t 


Fit;. 339, 
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MACNKTIC cTRVKS. 

A ”*reat deal may In* learned about tl 
magnets by causing them to delineate their 
istics. The common method of dnin"' tins 
netie eiu*ves by dusting iron filings on a ii 
jarring the plate to cause tin* particles t< 



Magnetic Curves in Relief, 

adhering particles are si taken off. The remaining 
is then disengaged from the small magnet by rap| 
magnet; with a pencil, the small magnet being he! 
the poles of the larger one. The particles having h 
arized by the small magnet, arrange themselve: 


MACNKTtSM. 

field of force by forms or figures, but the annexed 
ings serve to illustrate a method of forming at 
curves which has some advantages over the media 
red to above. The magnetic pail ides fall in the 
in which they are to remain, and no jarring is requi 
To make a fiat plate for lantern projection or in 
use, a plate of glass tlo.wed with spirit varnish is k 
the magnet, and iron dust; reduced from the sulphat 
filings, or dust; from a lathe or planer, is applied by 
a small magnet in the manner indicated in Fig. $ 
small magnet in this ease consists of two magnetize 
needles inserted in a cork, with unlike projeetit 
arranged about one-quarter of an inch apart. A lit 
iron dust is taken up on the small magnet, and the 

I'm. 34 r* 
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other case. With care the curves can he 1 
siderable height, especially if the larger m; 
one. Iron filings or turnings of medi 
recpiired in this case. 

When the curves have assumed the des 
a few very line shreds of paraffine, scraped 
block or candle, are deposited very gent l 
and melted by holding above them a h< 
shreds are then added and the hot shovel 
and so on until the mass of iron tilings i 
paraffine, when it is allowed to cool. Tin 

Pie, 342. 



Arbtm^crnt Fitfuws. 


the filings are now attached may be remov 
net after having applied the armature, if it 
maenet. or after inferrtmf ini#* the etirretif. i 
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Bunsen burner is used in this ease for melting the ] 
but considerable care is required to prevent the i 
from burning. The figure Fi(> 

when cool may be removed 

from the magnet and pro- A - \ 

served. A.' ' 


FLOATING MAGNKTS. 


T h e ordinary magnetic j* 

fish, ducks, geese, boats, etc., <l ~ 7^...^::.!^ 

are examples of floating mag- I 

nets, which show in a very 
pleasing way the attraction 

¥£«&■ tzrsi ■ 

, Flouting Mntrnotle t 

panying these toys serves as a H K 

wand for assembling or dispersing the floating fi£ 

it may serve, in the hands of the juvenile* experiu 

a baited fish hook. 

Pit; 344. 
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CHAPTER XVII. 

FRICTIONAL ELECTRICITY. 

Many different views have been entertained i 
the nature of electricity, but notwithstanding the 
city of electrical inventions and discoveries and the 
ous practical applications, the problem of the real 
electricity remains unsolved. Recent experiments, 
have shown quite conclusively that electricity » 1 
heat, and sound, is a phenomenon of wave motio 
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Attraction and Repulsion of Pith Halls by an Electrified 

governing- its various manifestations have been cli 
so that, knowing the conditions of its production 
results can be determined with certainty. 

Electricity is evoked from bodies by friction, 
chemical action, and other causes. A glass rod o 
sealing wax rubbed with dry silk or flannel beeom 
tied, so that when it is held over bits of paper or s 
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toward each other in the same way; hut if one ol 
tritied o-lass rods he brought near one ot the e 
sticks of scaling wax, there will he mutual at tract in 

These two manifestations ol electricity were < 
called viirt'ons and resinous electricity, in eonset | 
hi-in<f developed respectively upon j*'lass and resii 
however, that which is evoked from j^lass is known 
five electricity, and that from resin as negative el 
hut these are merely con- 
venient conventional names 
sriven to opposite phases ol 
the same tiling. 

An electroscope is an in 
strument for determining the 
presence and kind of elect ri- 
city. 

The electroscope in its 
simplest form is shown in Fijjp 
It is far more sensitive 
than the electrical pendulum, 
and may he used in many in- 
structive experiments. 

It consists of a small flask 
or bottle, through the stopper 
of which is inserted a brass 
wire having at its upper end 
a metal ball and at its lower 
end a hook bent out horizon- htw 

tally to receive two strips of very thin metal le, 
Dutch-metal leaf, silver or gold leaf, or aluminum 
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electroscope, as shown in Fig'. 350, the rovers 
occurred in the case of the rubber band will hapj 
is, when the paper is stretched out the leaves wi 
and when it is closed up they will fall together 
that in the latter case the electricity is masked. 

There are many other interesting experiments 
be tried with the electroscope in connection \v 
objects that may be found anywhere. 

A toy exhibiting some of the phenomena oi 
electricity is shown in Fig. 351. It has received 
of Ano-Kato. It is a Haring box lined with tin fo 

Fig. 351. 



Ano-Kato. 


with a piece of ordinary window glass, and emit 
ures made of pith. 

By rubbing the glass with a leather pad chi 
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that the threads at times repelled eaeh of I 
sion was naturally attributed to eleet rili 
experiment illustrated was at once suggest c 
rubber strips used in the experiment were* 
the ceiling in one of the apartments of the 
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Upon gathering- all of the free ends of the tl 
gether, the repulsion of the threads at their r 
caused them to separate widely. When once ele< 
a dry day, the threads retain the charge for hou 
are discharged by connecting them with the groun 
the body, and drawing them through the hand. 

When the mercury in a barometer tube is agi 
friction of the mercury on the glass generates < 
and produces effects which are visible in the 


Fig. 353. 
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cury. The inner tube is sealed to the outer tube 
end, and in the inner tube, a. short distance above t hi 
is formed an aperture which determines the amoun 
cury to be retained between the inner and outer tu 
the tube is inverted preparatory to use, as all of 
cury between the two tubes and above the apertun 
through the aperture into the lower end of the 
this manner the mercury is equally divided, so tl 
the tube is reversed, one-half of the mercury Hows 
the inner tube, and the other half Hows downward 
the inner and outer tubes. 

The full effect: is realized only when the nr 
allowed to flow quickly from one end of the tul 
other, but any agitation of the mercury in the tube 
some phosphorescent light. This tube is a beautif 
in a dark room. 

Fig. 354 illustrates illuminating apparatus (let 
an auxiliary to bell buoys and whistling buoys. It 
upon the generation of electricity by the agitatioi 
cury in a high vacuum or in an attenuated gas. It 
the same principle as the self-exciting vacuum 
described. The buoy represented in the cut is at 
ring the bell by the rolling motion imparted to 
waves. Advantage is taken of this motion to agi 
cury in the annular tubes placed in the upper p 
the frame of the buoy. The tubes are made very 1 : 
strong, and each contains barriers for causing fi 
the mercury against the sides of the tubes. 

To insure the act ion of one or more of the tul 
times, they are inclined at different anglers. A sligl 






FRICTIONAL ELECTRICITY. 

body of the operator to the ground, and only posi 
tricity will be retained by the cover. If now the 
raised from the vulcanite disk by means of the i 
handle, a spark may be drawn from it. This is di 
combination of the positive charge on the cover 
negative induced in the hand by this charge. 

The cover may be replaced upon the vulcanite 
the operation may be repeated indefinitely, when t 
tions are favorable, without further excitation. Ini 
vulcanite disk, a cake formed of resin, shellac, am 
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Winter's Electrical Machine. 


proportion of Venice turpentine may be used. T 
rials are melted, thoroughly mixed, and poured into; 



rmbrarrs tin* \ ulrunit r disk, 
>vit Ifd mi its iuiuT tan* wit h 
■(ul u ith bisulphidr of tin and 
Upon a vulranitr a ilunui ris 
t* taUr of tin* disk is support 
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When the machine is turned in a right-handed <li 
electricity is generated by the friction bet ween the i 
and the disk, and the negative electricity is carried a 
the collecting points, where it is drawn off and aeeui 
upon the ball. The positive electricity escapes to the* 
through the rubbers and the base. If the rubbet 
insulated, positive electricity could betaken from t 
connecting the insulated ball wit h the ground. The i 
will yield a spark having a length equal to about o 
of the diameter of the disk. 

The Wimslmrst electrical machine is the most roe 
on some accounts it is the best that has been devised 
less affected by atmospheric conditions, and maybe r 
in all weathers for results of some kind, while the fr 
machines and the induction machines of I loltx and 
generally fail in a damp atmosphere. 

The Wimshurst machine here shown differs fr 
ordinary type, mainly in having the rotary disks inel 
a hoop, and glass cover disks to exclude dust and m 
the stationary disks being provided with brushes wh 
connected electrically by strips of tin foil secured 
inner faces of the outer disks by means of shellac. 
This machine is shown in perspective in Fig. 356* 
357 is a vertical section taken through the center 
disks, and Fig. 358 is an enlarged horizontal seetioi 
on the line of the collectors. 

The column supporting the revolving disks is p; 
with a hollow arm in which is journaled a tubula; 
upon one end of which is mounted a disk of eomnu 
dow glass between two collars, the glass being a 
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nish and allowed to dry. To each glas 
phery are secured sixteen radial sector \ 
thin brass, arranged at equal angular (list; 
sectors are coated on one side with s 
allowed to dry, when they are placed 
varnished glass disks, varnished side do 
rubbing each one quickly with a warm, t 
A drawing should be made of a glass 
tors to be placed under the disks as a gu 

Pius. 357 asi> 358. 


Soctkma! Views of Modified Wimshur 
sectors. Brass sectors are preferable < 
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divided, with vulcanite dowels, and is supported by 
meat at the bottom to the base board, and at the to 
wooden rod projecting from the upper end of the c 
In diametrically opposite sides ol the vulcanit 
and on a level with the axis of t he disks, are insert e< 
rods, provided on their inner ends with metallic foi 
arms of which extend along the outer surfaces of the 
disks and are provided with collecting points, as sir 


Fig. 35S. The outer ends < 
with knobs into which are 
inserted the supports of 
the discharge rods or con- 
ductors. The latter are 
provided with vulcanite 
handles by which they 
may be moved in these 
supports as may be; re- 
quired. 

The stationary g 1 a s s 
disks arc; each provided 
on their inner faces at dia- 
metrically opposite points 
with small metallic sockets, 
attached to the glass with 
cement, a n d containing 
brushes of tinsel or very 
fine brass wire, which 
touch the rotary disks 
lightly. The brushes of 
each pair are connected 


>f the brass rods are fin 

Ft<;. 
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To secure* $»’ood results small Lr\dru jai s u 
must hr rounrrtrd with the r< *iit i m't * n "s, as sli 
35vl* lo t hr hot tt tut ot rat’ll jar is at t at la *t 1 a 
i lmsr chains air brought inti » i « mtact wlmn 
discharge* is desired, and separated tor a silent 
Tim machine is srlt-e\eit in**' ami yields spat 
length in »m our hunt h t « * neatly t me halt of the 
rotary disks, arcui dint* to tin* state * 4 tin* at u 
the condition ot flit* machine. 

Urn machine illust rated has i dm h rotate 
iimh stationary disks, 

Mr. Wimshuist lias roust fueled tlm dia;,;f; 

u hirh sin *u s 
lion ot tlm etc 
the plate silt la 
machine is I 
14m timri < it 
corresponds w 
tried v upon t 
fare ot t hr dk 

circles til si» 

thr tun hhti 1 
lo tltr elect rr 
thr disks, win 
circle of supn 
wit It thr elr« 
till* utltej su; 

hark disk, The inventor found by experime 
two disks niadr ot a flexible material were i 
direction, thry rtosr together at thr top atm 

whilr in tlm horizontal dianmirr thr v an* rrpi 


Km;, if*n. 
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zigzag 1 c*< >u rse f us- 
spurt* separates 


is as illustrated in 
nf positive rlretndfv t 
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arranged for the silent discharge. The multiple a] 
of the small spark of the silent discharge, who 
charge rods are near together, is shown in Fig. 

The report of the discharge is increased when 
plate is held between the rods, as in Fig. 366, 
jumping over the edge of the rubber through an 
distance. Thick cardboard placed in this position 
perforated, and the spark will pass through a pam 
fourth inch thick. 

Fig. 367 shows a glass plate eight inches square, 
with a coating of finely divided metal. It is cove] 

I Fig, 368. 


I 





i a i 

in$£ this i lass nt e\| 
o{ i^iass supported 
two wiuKlni Ire! , 
llanuvs art* rrmrntrd 
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ll Xi 

»rriinriits. it 

l't *lh 

in a slight h 

tn« 

! \vu k nubs 

! Hi 1 

tu I hr ;;1.1SS m 

sir if 

Fie, r*»). 
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knobs a iv sutlieientl y lunj; to ivtvivv a I 
that nature* which if is desired to exhibit 
To conveniently eonneet the lumitn 
machine, two U-shaped springs mav Hr r 

Fin, 37a 
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A case of the diversion of the electric dis 
ceedingly slight causes is illustrated by Fig. , 
of a vulcanite plate is moistened and placed as 



Effect of the I hint! on the Discharge. 


interesting appearance in the dark. From th 


Fie. 371. 


of tlie conductors, and moved along so as to 
ing of the moisture along the surface of the 
discharge will follow these lines of moisture, 1 
they may be, in preference to traversing the 
between the two conductors. 

As to experiments possible with the indu< 
they are endless. The machine itself present 



jjHo KXri'.klMKXTAi. St'IKNi l . 

distance above the positive conductor, as show; 
and it an assistant turns the machine, beams n 
lijrht will radiate from the knob at the end ot t 
rod toward the hand. In this experiment the 
disconnected. No shock will be experience* 
experiment il it is carefully conducted. 

(ieissler tubes are best exhibited In- 
between the jars, allowing them to nearly ton 


Dine barge through a <H-iv4cr Tube, 

coating 1 ut the jars, (logs 37.M The conducti 
placet! one-fourth inch apart, and the machine 
the silent discharge. Care should he taken i 
tubes having long* sinuous passages, such ashv; 
tubes and the like, as they arc* very liable to be 
the spark. When stu b tubes are used, the rod 
near together as possible without destroying tl 
Another method of exhibiting (ieissler f ill 
them in the hand parallel with the lace of t 


Tube with lnimu|»ftnl Onmhtt mr 
plate, and about three or four inches Imm tl 
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ond inch between the sections. This tube may be frc 
twelve to eighteen inches long, and for the sake of prot< 
tion may be inclosed in another glass tube. A strip of f 
should extend from the extremities of the interrupted sti 
over the ends of the outer tube. The inner tube may th 
be stopped with a cork at each end, which is allowed to pi 
ject a short distance. These corks are rounded at tin 
outer ends, and covered with rather thick tin foil, which 
allowed to extend a short distance over the end of the out 
tube. This tube, held by one end in the hand and present 
by its other end to one of the conductors of the machii 
exhibits a brilliant luminous spiral. The brilliancy of t 
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Franklin’s Plate. 


sparks may be increased by connecting the conductors w 
the ends of the tube. 

By means of a condenser, large quantities of electric 
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jar with opposite ends of a jointed discharger. The mca: 
ing jar, shown in Fig. 376, is similar to the jar just descril 
the only difference being the addition of a curved v 
having a ball on its lower end, and a support for the v 
attached to the vertical discharge wire of the jar. The 
of the additional wire may be placed a greater or 
distance from the outer coating of the jar. It is obvi 


that the jar can never be charged 
to give a spark longer than the 
distance between its outer coating 
and the ball. 

The disruptive effect of the 
spark can be readily exhibited by 
partly filling a glass bottle (Fig. 377) 
with kerosene, olive, or lard oil, 
and inserting through the cork a 
curved wire pointed at its lower 
end and provided with a ball at 
its upper end. The pointed end of 
the wire should be very near the 
inner surface of the glass, and the 
ball at the top should be connected 
with one of the conductors of the 
machine. The other conductor 
should be placed opposite the point 
of the wire and near the side of 
the bottle. 

When the machine is turned, 
the sparks will perforate the glass, 
and will continue to pass through 



on uic mote. 





When the 
the suspended l 
to the outer I 
coming charge 
are repelled by 
attracted towai 
After parting 
they sire again 
outer 1 Kills, sig; 
on. If the in 
Disruptive Effect of the with the hull of 
Discharge. the chain from 

connected with the miter coating of tl 
charge of the jar will take place. The 
the discharge may be prolonged bv f; 
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the buttons so that it will not swing. The electric fly, she 
in Fig. 379, illustrates the effect of the electric discha 
from points. The fly consists of a piece of metal havin 
slight depression in the center to receive the pivotal pc 
on which it turns, and having a num- Fig. 379. 

ber of wire arms, pointed at their 
outer ends and all bent in the same 
direction. When the pivot of the 
fly is connected with the machine, the 
fly revolves in a direction opposite 
to that of the points. The motion is 
owing to a repulsion between the 
electricity of the points and the elec- 
tricity imparted to the adjacent air 
by conduction. 

Fig. 380 shows a fly mounted on 
a horizontal axis, the latter being 
placed on two inclined wires having 
feet resting on a pane of glass. On 
connecting the incline with the Uui K,0< ' tr?c 1 > T - 

machine, the fly will revolve and ascend the inclined pi 
in opposition to gravity. When electricity escapes froi 
point, the electrified air is repelled so strongly as to b 
out a candle. 

Fig. 380. 





bent out nearly parallel in one direction to ren 
handles, while the opposite extremities are cm 
vided with halls at the ends. 

In many experiments in static electricity tt 
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Jointed Discharger. 


terminate in halls, to prevent: escape and t 
desired form of spark. It is a matter of consi 
to make a large number of metal balls on the 
which will answer every purpose* may be* t*ast 
the wires by using an old-fashioned bullet mou 
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is convenient, if not absolutely necessary. A cheap am 
pie form of this instrument is shown in Fig. 38.1. It. c« 
of a pane of glass a foot long and six inches high, supi 
on wooden feet. Upon the upper edge inthecenter the 
glass table supported by two wooden brackets cemen 
both glasses. Upon opposite corners of the upright 
there are two curved wires bent into the form of a ! 
in the middle to clasp the glass, and having at their 
ends balls and at their lower ends rings to receive tin 
ductors which connect the discharger with the ma 
By means of this instrument the electric discharge u 
made to pass through or over any substance p'aeed < 
glass table. 

Ei<;. jHj. 



The simplest method of making an insulating st< 
supporting a person while being charged with eiectrh 
shown in Fig. 383. It consists of a board resting o« 
common tumblers. An insulated spherical condtu 
shown in h'ig. 384. It may be made of any thin meta 
may consist of a pasteboard or wooden ball covered sm< 
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3 S*S 

threads. A pair ut pith halls may also he 
centered the eondurtor. Nnu, hv eh art * 1 
conductor with positive electricity, and h 
a few inches oi one en< I of the ev lint I tic. 
pith halls at the etuis til the latter will dtw 
at the center will remain quiet. Hv testin 
the eonduetur, it will he found that the 
ended the eoudueto: nearest the sphere i 
that of the* remote end is positive, 
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with a mixture of illuminating gas and air, an< 
stopped with a cork. 

An electric discharge through the wire ai 
•explodes the charge of gas. Fig. 387 shows a s< 



Cylindrical Conductor. 


similar device for exploding gunpowder. It com 
block of wood having a central cavity into w 
inserted two wires nearly touching. The powder 
in the cavity, and the spark sent through the wire 
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between two metallic plates connected wi 
duetors of the machine, To prevent the 
flying' in all directions* they are routined 
Four pieces of window glass forming a hoi 
replace the jar in this experiment. 


I*! Jr no*’ 

Gassiot’s cascade, shown in iH«>, is 
rhnent, but requires an air pump. A goble 
foil in the manner of a Leyden jar is placed 
luted bell of an air pump ; a rod extends ' 
into the goblet, and when the electric disci 
(the rod and plate of the air pump being ii 

i“*Oi, JfW, 
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into a loop which hangs on a delicate pivot projects 
the scale. This instrument placed on a body recei 
electric charge will indicate roughly the extent 
charge. What has been said covers a very small 
tion of the experiments possible in static electrici 
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IiVN A M I t !• I. K * i Kit ! T * 

<a*;xrkvno\ in niK h r* nu» * 1 

When tun iiissiniil.il metals, mu h .is p 
purr /ima art* placed in tnut.u f in ai idub 
deuces oi aetivitv immediately appear in flu 
ol micruso tpir hubbies 1 t instant 1\ rising tot! 
water, if flu* metals are individual! v capu 
the aetitm of the arid solution, it will he not, 
a rating them (lie action reuses, hut if will t 
as smm as flu* metals are hi 01114 lit into ruui 
action is noticed il the two metals are htoiti 
or connected hv a ware above the surface ol 
water. 

The bubbles an* hydrogen resulting Iron 

lion ol the waiter, They escape fioin the 1 * 
oxygen resulting from the anah sis unites 

forming m\v oxide, 

llu? copper is scarcely attacked, while 
wastes away, ll the wire eouueetiug the 1 
be cut ami the two ends placed on the loirs 
peculiar biting sensation is experienced, w! 
felt when the wares are disconnected front t 
A piece of paper moistened with a sulut 

fifiOissium Mutt sfiiroti » ;i **■«■**• I f i*«t t ftr* t* 
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to and following a continuous conductor, of which th 
metallic elements and the acid solution form a par 
whole comprising a complete electric circuit. 

For the purpose of studying the generation and 1 
ior of dynamic electricity, the elements referred to n 
tanned into an electric generator or battery, and the 
netie needle and conducting wire may be combined t< 
an electrical indicator or galvanometer, as iilustrat 
Plate VI., which shows convenient apparatus for ir 
the primary experiments in dynamic electricity. The 
tank or cell is built with special reference to projectir 
visible manifestations of the phenomena exhibited 
cell upon a screen, by means of the lantern, to eru 
number of persons to observe simultaneously. 

The cell consists of two plates of transparent glass 
6 inches, separated by a half inch sepia, re strip of soft r 
which is cemented to both glasses by means of a c 
composed of equal parts of pitch and gutta percha. 
cell is nearly filled with the exciting liquid, consist 
dilute sulphuric acid (acid i part, water 1 5 parts), in 
are placed two plates, one consisting of a strip o 
about one-sixteenth of an inch thick, the other plate 
a strip of copper. 

As commercial zinc is so impure as to be vie 
attacked by the exciting liquid, it is well to dip th 
strip into the solution, and then apply to it a drop or 
mercury, which amalgamates the surface and prevent 
action. 

When these two plates are brought into contact 
each other in the exciting liquid, hydrogen gas is go 
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cuit is completed, the first visible indication of actioi 
sudden whitening- of the copper plate as if it wer 
covered ; the next indication of action is the formati 
the entire surface of the plate of myriads of minute 
bubbles, which grow until they become detached, wb 
rise to the surface and escape into the air. These 
may be discharged into the mouth of a small test ti: 
when a sufficient quantity of gas has accumulated it 
ignited, showing that it: is hydrogen. 

The appearance of the copper plate when the c< 
action is shown at 2 greatly magnified. The gas 
formed on the surface of the copper are at first very 
but: they rapidly increase in size; and begin to merge < 
another, taking an upward course. When a large 
has absorbed a large number of the smaller buhl: 
becomes sufficiently buoyant to overcome its adlu 
the plate, it rises to the surface and is lost in the air. 

The bubbles of hydrogen are very bright, appear 
acting much like globules of mercury. Often an eq 
belt of very small bubbles will be seen surrounding 
one. 

The accumulation of hydrogen on the copper pi 
ously affects the strength of the current,. To asee 
what extent and at what time this happens, a simple 
o meter, like that shown at 1, will be required. This 
merit consists of a common pocket compass, a woodt 
or spool, and about 20 feet of No. 32 silk-covered 
wire. The wood spool (3) has a recess cut in the 
either end to receive the compass, which is placed 

x k fmrn the fbit hnd v nf the finnol. and the 
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lituu a i uttsfant battriv sin * i * I * i br ft 
till' tlrllrt t!«*li fiMlrii. Hir Miiiml sji.#i 
thr *i»pjnisitr 1 1 1 1 x i l n mi, u \wn thr nrrdlr 
{ Jit* o{*|a*sitr iliirtliuii, li llir ,nm«uul * 
same in lmfh rant's I hr ^al v an* »mrin n r 
hut il I lit* dellerf it $ns dtllrr in dr;*irr, it* 
tunutl in its mk krf until ihr |n **j*ri a* in 
The uulv jim authm iiinTvs.il \ in ihr » 
iust nitiu nf is !m srlrrt a i'*#!HfjMss «h«»%r 
jiuisml and wbtatrs !nrh . 

its runnrrfiu^ I In* &al\ .umim tn %v 
ratn! in the rit^f avmg, it \\\U hr imfur* 
time* tin* ^alvammirf ri itrrdlr brains I** 1 
a jiuuit u hit h it ultimately mu hm U 
rinsed ; and thr stuulm f hr riiruit, th 
I it Ht tit thr euiTeut. !T»is rttirrblrmrt: 
juim ij*ath dm* Im three < ,nnr\ air mI 
Ivern nut irrd, t ha! is, thr at rtumd.itiuxi r 
enjqirr plate, fdir film *»f htdr«»)*ru 11111 
tart between I hr r\* if and fl 

ally renders tin* vm birr In a < erfam dt 
Another cause »*i ruterhhisteiit *d I hr rr 
t it in tni the* cupper* In thr • »! 

sulphate at ruimdaltMi* in thr liquid, 
similarity c*l thr two plates* and u«nrt|ui 
uishtng thr current, Thr t rdttt.f tun nf 
exciting liquid »*f thr tell In- %%n\imr mi 
tnbutrs still fnrtliri t**watd thr dummi 
All this resit Its in making thr bm pSa 
art tun, and tit a rotisrt§§$riif vrrakcuiitj* * 
this rlirmiral action raitxtMt lir at«*ide«l 
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plate, or the polarization of the plate can only be 
by mixing with the exciting liquid some substanc 
nitric or chromic acid, which will oxidize the hy< 
fast as it is liberated by oxidation of the zinc, or 
ing it while in the solution, or by violently agit 
exciting solution. The galvanometer needle faith 
cates the result of either treatment. The polar 
the electrode may be strikingly exhibited by all< 
copper plate to become polarized and then repl 
zinc with a clean copper strip like the one already 
The galvanometer needle will be deflected in tin 
direction, showing that the polarized copper pla 
the same manner as the zinc. Now, by removing' 
ized copper plate and wiping and replacing it, the 
of the needle will be much less, and it will not fall 
until the very slight coating of zinc which has b 
sited on the copper is removed from the polarize* 
means of emery paper or otherwise. Precisely 
effect is noticed when a newly amalgamated zin 
opposed to an oxidized zinc plate. The oxidize* 
this case will act as if it were copper. 

This method of showing the effect of the pola: 
the copper plate is conclusive. The phenomenon 
to the polarized plate manifests itself in an unr 
manner in polarizable batteries under the coin 
actual use. 

While the entire office performed by the ra 
amalgamation is not known with certainty, one c 
poses is to present to the liquid a surface made v 
and mercury, and these two only. The acid ac 
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battery is clue to the facility with which the hyclrc 
detached from the rough surface of the platinized 


plate. The Since battery has been used largely i 


graphy and electro-metallurgy. 

The Grenet battery (Fig. 392) is a very good f 
experimental battery where constancy of current 
required, as, for example, in the laboratory and nice 
work rooms. The cell is in the form ol a bottle, at 


tains a solution formed by adding one part of sul 


acid to five parts of a saturated solution of birhror 


Fa;. s<: 


potash in water. The top is provided 
with a brass frame, to which is fastened 
a vulcanite cover; to this are attached 
two carbon plates, that dip perman- 
ently into the fluid; and between them 
a zinc plate is suspended by a rod, by 
means of which it may be plunged into 
the fluid or withdrawn at pleasure. 

When the zinc is withdrawn, the action 
ceases. This battery gives a powerful 
current for a short time, but it rapidly 
polarizes. The length of time during 
which the fluid will retain its power 
depends on the use that is made of the 
battery. 

Fig, 393 represents an inexpensive 
and easily made plunge battery, which 
is very convenient for temporary use* 

Ten tumblers, arranged in two rows of five, at 
in place by an apertured board supported a short d 
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strips of wood 1>\ whic h the* carbons arc* < 
t hick. To these* woo Jen strips arc seen 
the same dimensions as flu* eat bon pi, 
ordinary wood-sere ws passing t li rough 
into the wood. The wires eonuerUd wit 
bent, over and inserted between the %'t 
wood, as shown in the engraving. Thai 
one pair is eonneeted with the zinc of 
order, and so on throng hot it the series, 
plates are eonneeted with the* binding o 


F«o, t*rt 
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The zincs are amalgamated* and the tn 
tilled with the bichromate solution. 

To maintain the amalgamation of the i 
tity of bisulphate of mercury is added l 
solution, say % ounce to every quart of s 
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The upper ends of the carbon plates are parafl 
shown in Fig*. 395, bv heating* the ends only and rub 
paraffine, allowing it. to melt and soak info the pore 
plate until a strip about 1 inches wide across the on 
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plate being located between two carbon pi; 

rated from them by strips of paraffined wooc 

ii inches wide, and 8 inches long. The plates 

r, strips are clan 

Fig. 395. r 


by thick strip; 




wood arranged 


the wood strip, 
tion with the carbon places is made in a si] 
strip, b y being looped so as to form a cont 
plates without touching the zinc. 

Before the elements are Fig. : 


put together, the zinc plates 
should be carefully amalga- 
mated. This is done by 
dipping each plate into a jar 
of dilute sulphuric acid (acid 
1 part, water 10 parts), con- 
taining mercury at the bot- 
tom. As soon as the lower 
end of the plate is coated 
with mercury it may be 
lifted from the solution, in- 
verted, and allowed to stand 

nnfil rvf 
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re-amalgamation. An amalgamating solution is : 
dissolving mercury in nitric acid, then adding \va 
to make a iu per cent, solution of the mercury nit 
zinc plate immersed in the solution becomes amalj 
but the operation requires frequent repetition, 'I 
consist of pine boxes of tin* size mentioned lined w 
pereha, 'flu* operation of lining is quite simple, 
cell, if well made*, is durable, A wooden form is ma 
is the thickness of the gutta pereha smaller 
boxes. Around the sides and end of this form is w 
sheet of gutta pereha, which is H inch wider than t 
the edges of the* sheet being allowed to project 
the form, as shown in Fig, jttf. 

toe. 



Forming thr Uuttu IVrt lia Lining, 

A piece of gutta pereha of suitable width and 
placed upon the form within the projecting edges of 
already in position. The edges are then warn 


404 


KX V K K I M KN TA L SCI K N t * K. 


coated with shellac varnish inside and outsi 
to dry be l ore introducing the lining, High 
are placed in a box having removable side 
extending' over the top. To the vertical > 
frame is loosely fitted a horizontal frame w hi 
plates of the battery. In the upper part < 
journaled a shaft provided at opposite ends 
which are attached chains for lifting the h 
and plates supported thereby. The shaft b 
a crank by which it; may be turned, and 
which is engaged by a spring pawl attache 
standards. 

The copoer strips connected with the ; 
clamped to the strips extending from the cat 
the terminal strips are provided with bin 
receiving conductors. Kaeh set of plates is 
a hook, attached to the? clamping strips by m 
bar of vulcanite or vulcanized fiber. 11 
designed to be placed on the shaft when it is 
only a part of the cells, the unused plates 1 
from the others and suspended o I of car 
solution. On account of the difficulty of ren 
and almost insoluble crystals of clmmuxi 
batteries employing a solution of hiehroma 
bichromate of soda solution is substituted, 
forming in the bichromate of soda soluti 
removed from the cell. 

This solution is made by dissolving bieh 
in warm water to saturation, allowing it to o 
adding commercial sulphuric add to the s 
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I >c la Rue's chloride of si 1 v t* r battery is well ada 
electrical testing. Its electro-motive force remaim 
rally constant under various ronilit ions. It is show 
half si/e i i the sectional view ( Rig. 

1'iie top of the. tube. A, is close d bv a cork, I ). 1 

at ive pole, ( \ consists o! a cylindrical rod ot rhentiea 
/inc supported by the* cork stopper, which is perfoi 
receive it. The /inc rod has a hole in the top to al 
silver, connecting wire or electrode which goes to 1 
element to be soldered in. 

The positive pole* consists t d a cylinder oi silver e 
B, having a silver wire* or elect rode, /\ east into i 
chloride rod is usually inclosed in a hollow ^ 
cylindrical diaphragm o{ tine parchment paper. ^ 
The zinc; rod is amalgamated. 

1 he solution lor charging tin* cell is math* 
by dissolving t mmn* ot putt* sal -ammoniac 
(ammonium chloride) in one quart of water. 

The elect n Mitot hr force of each element ^ 
is about no volts, and the internal resistance 
ts about S ohms. 

in tin* action of tin* cell, part* silver is 
rt‘ilm<*d and deposited on tin* bottom of tin* 
t ell. To prevent short-circuiting the zinc } 
rod is raised about three-eighths of an inch <*l 
above the bottom o| flu* cell 'Phis pure silver 
deposit can be readily converted into chloride oi 
which is melted and recast into rods for use, or if pi 
the pure silver may be sold. 

Tins battery is largely used in electro-medical up 
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by elastic rubber bands, as represented in i* 
shows the elements removed from tin 1 jar. 
the jar is perforated to receive the amalgati 
which extends down into the solution. 

The prisms consist of 40 parts of granulate 
of manganese, 5 2 parts of granulated carbon, 
shellac, and 3 parts of potassium bisulphate, 
dients are mixed, heated to 212 Fahr., ami < 

FliJS. jtjtj ANl» 4iHi, 
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is adapted to either open or closed i ireuit \ 
operate for several months without rrph* ni 
])een list'd success! nil y in cirri n hating a 
lighting on a small seale. 

The cell is made ol east ir m ami servos 
plates of the battery* It is much heavier t lie 
but this is compensated tor by its uon-Uabilit \ 
In the small pattern the iron cell, V, is elo 
her stopper, ( *, t hroujLjh which passes a bra* 
vicled at its upper end with a binding post, F, 

Fin. 403, Fie, 41*4, 
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rally. It is not necessary to amalgamate t he zincs 
battery. It is stated that the small cell yields a ru 
J amperes, while 1 the larger one is capable of > 
S amperes. The K. M. lb is one volt. 

TWU-KUMH ItATTMRIKS. 

The Daniell battery, shown in Ki^, ^05, is seent 1 
does not evolve any poisonous or disagreeable vapo 
In this battery, and in several re Us derived iron 
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force: of about royg volts. This amount varies somewhat 
with the density of the copper sulphate solution. The 
internal resistance of this battery varies considerably with 
the construction. 

In a battery like that: shown in the engraving, the resist, 
anec is about olun, but this may run up as high as K or to 
ohms in some forms. 

In this battery, as well as in the gravity battery, 
described below, an example of the most pertcct depol- 
arizing action is found. Here the hydrogen resulting front 
the action of the dilute acid on the zinc is liberated on the 
surface of the copper plate, where it reduces the sulphate of 

copper, forming sulphuric acid and 
metallic copper, the latter being 
deposited on the surface of the 
copper plate. So long as sulphate 
of copper is present in the battery 
this action continues, anti the ear. 
cat from the battery remains prac- 
tically constant. 

The gravity battery, wnieh is 
shown in its simplest form in log. 
4od, consists of a glass jar about H 
in. high and 6 in, diameter, having 
a zinc casting suspended near the 
top, and at the bottom three copper 
plates which are riveted together, the side plates being 
bent away from the central one as shown. One of tin- 
plates is provided with a gutta percha covered wire 
leading out of the jar. About two pounds of sulphate of 
copper are placed on the bottom of the jar, and enough 
water is poured in to cover the zinc about t inch. After 
standing 24 to 36 hours, the battery is in working condition. 
As the name of this battery indicates, its action is depen- 
dent on the separation of the zinc sulphate, which is formed 
at the top of the jar, and the copper sulphate solution, which 
gravitates toward the bottom of the jar. When the two 
solutions have properly separated, the fluid in ' the lower 
part of the jar will be blue, and that in the upper part will 
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be colorless and transparent. The zinc should always be 
surrounded by the colorless lluid, and as the blue fluid 
decreases in volume, some of the zinc sulphate solution is 
removed and replaced by water. 

When the water in the upper portion of the jar becomes 
saturated with zinc sulphate, the sulphate crystallizes upon 
the zinc plate, stopping the action of the battery. The 
conducting power of a solution of zinc sulphate is greater 
when diluted. Part of the solution, therefore, should be 
from time to time removed, and replaced by water. tJndis- 
solvcd crystals of sulphate of copper should always remain 
in the bottom of the jar. Any disturbance of the jars when 



in use causes the solutions to mix, thus seriously affecting 
the working of the battery. The water requires replenish- 
ing' occasionally, to compensate for evaporation. The action 
of this battery is the same as that of the Daniell. The resist- 
ance varies from two to four ohms. Its electro-motive 
force is the same as that of the Daniell cell. It is used 
largely in telegraphy, and its electro-motive force is so 
nearly one volt, that it is used in making ordinary elec- 
trical measurements. 

In Grove's battery the sulphate of copper solution used 
in the Daniell is replaced by nitric acid, and the copper by 
platinum. By this change greater electro-motive force is 
obtained. Fig, 407 represents one form of this battery. 
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The glass vessel, A, is partly filled with dilute sulphuric 
acid (4 part of acid to about lo or t,» parts ut water), lu 
this vessel is placed an amalgamated zinc cylinder, /, 
which is open at both ends and slit down one side. In this 
cylinder is placed the porous cell, V, containing ordinary 
nitric add. A plate, I\ of platinum, whieli is bent in the 
form of an S, is fixed to tin* porous cell rover, and is im- 
mersed in the nitric acid. The platinum is connected 
with the binding' screw, A and there is a similar binding 
screw, on the zinc. 

In this battery the hydrogen which would be disengaged 
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on the platinum decomposes tlm nitric acid, forming hypo- 
nitrous acid, which is dissolved or is disengaged as nitrous 
fumes. 

The resistance ut the Grove cell is about half ohm. 
Its electro-motile force is 1-956 volts. The action of this 
battery is constant. 

The chromic acid battery, shown in Fig. 408, is a modi- 
fication of the Bunsen and is similar to the Grove in form. 
In this battery an amalgamated zinc cylinder surrounds 
the poious cup, and a rod of carbon replaces the platinum 
foil in the Grove. 1 he jar is filled with saturated solution 
of common salt, or with sulphuric add diluted with 12 parts 
of water. 
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The porous cell is filled with the bichromate of potash or 
the bichromate of soda solution previously described. 

When the bichromate of potash solution is used in the 
porous cell, and a saturated aqueous solution of common 
salt is placed in the jar, the action is as follows : The chlorine 
of the salt unites with the zinc, forming zinc chloride, and 
at the carbon plate the sodium replaces the hydrogen of the 
sulphuric acid, forming sodium sulphate. The nascent, hydro- 
gen reduces the chromic acid of the solution, producing; 
chromium sesquioxide. 

The Bunsen battery differs from the chromic acid in em- 
ploying nitric acid in the porous cell and dilute sulphuric 
acid in the jar. 

Efti. 



The Fuller Cull. 


The electro-motive force and resistance of these batte- 
ries are about the same as in the drove. 

In the Fuller battery (Fig. 409), the zincs, so long as they 
last, are permanently amalgamated. In the accompanying 
figure two cells are shown, l'he carbon plate is placed in 
the outer vessel in the bichromate of soda solution. The 
zinc element, which is of the shape shown in the figure, is 
placed in a porous cell, into which an ounce of mercury is 
poured, and which is then filled up with water only. I lie 
addition of this mercury is the essential feature of the bat- 
tery. The zinc plate is in this way kept permanently 
amalgamated so long as it lasts ; the consequence is that not 
only is the internal resistance of the battery largely dimit:- 
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ishcd, but its constancy is to a great extent insured. The 
action, after the battery is charged and the elements are 
connected with each other, commences almost immediately, 
and reaches a maximum in the course of a lew hours. 

The rod connected with the zinc (dement ret|uires a pro- 
tecting' covering of gutta pcrclta. 

This is an excellent battery for open circuit work. It 
has an electro-motive force of nearly two volts, and an 
internal resistance of about two ohms. 

MECHANICAL DEfOLAKIZAftON (>E E LECTIO 1 1 * MS. 

In all single-fluid batteries polarization necessarily takes 
place to some extent, whatever precautions may be adopted 
for its prevention. The means of depolarizing .single-fluid 
batteries are mechanical, and consist in the agitation of the 
exciting fluid by gravity, as in the fountain battery, by air 
jets, as practiced by G renet and others, by stirring the fluid 
by mechanical means, by rotating or swinging the elec, 
trodes, and by roughening the electrode, as in the ease of 
Smee’s battery, in which the platinum plate is covered with 
a deposit of finely divided platinum. 

In single-fluid batteries polarization may lie greatly 
retarded by enlarging the plate on which the hydrogen 
tends to collect, .so as to afford a great surface for its dissb 
pation. In two-fluid batteries the depolarization is effected 
by chemical means, and perhaps more perfectly in tin* sub 
phate of copper batteries than any other. 

In all single-fluid batteries the oxidation of the zinc lib- 
erates hydrogen, and this rapidly reduces the power of tin- 
battery in the manner explained in the former paper. In 
Smee’s battery the microscopic points formed by the rough- 
ened platinum surface facilitate the escape of hydrogen, 
and in this way may tend to maintain the power of the 
element. 

In the Grenet battery the carbon plate quickly polarizes, 
rendering the battery unfit for uses of more than a few 
minutes’ duration. However, the agitation of the exciting 
.fluid by the withdrawal and replacement of the zinc restores 


DYNAMIC K L K( ;T K I ( ‘ I T Y , 4 1 5 

the battery to its normal strength. G react agitated the 
exciting fluid by means of air blown in through glass tubes, 
as shown in Fig. 410. This prevents polarization to a great, 
extent, and renders the battery very active. Dr. Byrne, of 
Brooklyn, adopted this plan of depolarization in his battery 
with remarkable results. 

logs, 41 1, 412, and 413 show a purely mechanical agita- 
tor, consisting of spring-actuated stirrers, controlled by an 
electro-magnet of high resistance in a shunt around the bat- 
tery. The magnet absorbs but a 
very small proportion of the cur- 
rent, and has only sullieicnt 
1 power to move the lever eon- 

trolling the spring motor. 

This motor, which may be of 
the cheaper class, is mounted on 
a base, A, secured to two parallel 
bars, B, carrying the zinc and 
carbon plates, a r, of the battery. 

These « plates are placed, Hat 
against the bars, B, and secured 
by screws and washers. The zinc 
■ of one element is connected with 

the carbon of the next: by a wire 
passing diagonally through the 
I bar, and the first zinc and last 

carbon are connected with the 

I binding posts at the ends of the 

; bars, B. 

The second shaft in the train 
of gearing is provided with a crank connected by a rod, 
C, with the lever, I), which is fastened to a lock shaft 
and connected with the bar, E, extending the whole length 
| of the battery between the zinc and carbon of each cle- 

j, merit, and carries a series of vertical rods, F, of vulcanite, 

one such rod being located between the zinc and carbon 
plates of each element. The zinc in one of the elements is 
| • broken away in the engraving to show this rod, and the 

small horizontal sections at the top of Fig. 411 show the 



Grenet Battery, with Air 
Tutxtu 
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A swinging arm, 


position of the rod relative to the plates. 

G, supports the extremity 
of the rod, Ii. A high re- 
sistance magnet, II, mount- 
ed on the base, A, is con- 
nected with the two binding 
posts of the battery, so as 
to receive a small portion of 
the current. The armature 
attached to the lever, l, 
when drawn against the 
poles of the magnet, brings 
t lie lever, I, into engage- 
ment: with the fan, J, which 
is the last element in t ho 
train of gearing composing 
the spring motor. A light 
retractile spring draws the 
lever, 1, away from the fan, 

J, and removes the arma- 
ture from the magnet when 
the power of the battery is 
reduced to a certain limit. 

The spring motor, being 
free to act, oscillates the 
rods, F, and by stirring the 
exciting liquid disengages 
the hydtogen from the 
plates, and brings fresh 
liquid into contact with 
the zinc and carbon and 
restores the strength of the 
battery, when the armature 
of the magnet, H, will be 
acted upon, bringing the 
lever, I, into engagement 
with the fan, J, and stopping 
the action of the spring motor until the current is again 
weakened, when the operation just described will be repeated. 
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hi this way the strength tit the battery will be main- 
tained within certain limits, until the liquid is exhausted. 
Of course this system may be extended sidewise or length- 
wise as much as may be desired. 

All batteries employing mechanical means of depolari. 
/ation, with, perhaps, the exception of Shut's, are only 
adapted to uses requiring a very strong current fur a lim- 
ited time. 

SKl'l >N1 >ARY UATTKRV. 

Probably no secondary battery can be more readily 

made or more easily managed than the one invented by 

rip ' * 

Fit;. 413. 
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Plates of Sneondary Battrrv. 


Plante. it is, therefore, especially adapted to the wants of 
the' amateur who makes ids own apparatus, it takes a 
longer time to form a Plante battery than is required for 
the formation of some of the batteries having plates to 
which the active material lias been applied in the form of a 
paste, and its capacity is not quite equal to that of more 
recent batteries, but it has the advantage of not being so 
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liable to injury in unskilled hands and of allowing a more 
rapid discharge without: affecting the active matter. 

Each cell of the battery consists of id lead plates, each 
6 x 7 inches and ., 3 g inch thick, placed in a glass jar 6x9 
inches, with a depth of 7.I inches. Each plate is provided 
with an arm i.^ inches wide and of sufficient length to form 
the electrical connections. The plates are cut from sheet 
lead in the manner indicated at. 3, in Kig. 413, /. t\, two 
plates are cut from a sheet, of lead K.J1X14 inches. This 
method of cutting effects a saving of material. The plates 
after being cut. and flattened are roughened. One way of 
doing this is shown in Kig. 413*1’. The plate is laid on a 
heavy soft-wood plank, and a piece of a double-cut file of 

lOt; 4 1 ;ur 
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Roughening the Plate, 

medium fineness is driven into the surface of the lead by 
means of a mallet. To avoid breaking the file, its temper is 
drawn to a purple. After the plate is roughened on one 
side, it is reversed and treated in the same way upon the 
opposite side. If a knurl is available, the roughening may 
be accomplished in less time, and with less effort, by rolling 
the knurl over the plate. Half of the plates are provided 
with four oblong perforations into which are inserted IT- 
slmped distance pieces of soft rubber, which project about 
J4 inch on each side of the plate. The perforated and 
imperforate plates are arranged ,in alternation, with all of 
the arms of the perforated plates extending upward at one 
end of the element, and all of the arms of the imperforate 
plates similarly arranged at the opposite end of the element. 
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The plates are clamped together by means ot wooden strips 
— previously boiled in paraffine -and rubber bands. The 

strips are placed on opposite sides ol the series ol plates at 

the top and bottom, and the rubber bands extend length- 
wise of the strips. 

The arms of each series of plates are bent so as to bring 
them together about 3 or 4 inches above the upper edges ot 
the plates. They are perforated to receive brass bolts, each 
of which is provided with two nuts, one for bending t In- 
arms, the other for clamping the conductor. 
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I'lutes I’nitieeted. 


This element is placed in a glass cell, on paraffined trian- 
gular wood supports, and the iurmution is proceeded with. 

To hasten the process, the cell is filled with dilute nitric 
acid (nitric acid and water equal parts by measure), which 
is allowed to remain for twenty-four hours. This prelimin- 
ary treatment modifies the surface of the lead, rendering it 
somewhat porous, and, in connection with the roughening, 
reduces the time of formation from four or five weeks down 
to one week. The nitric acid is removed, the plates and 
cell are thoroughly washed, and the cell is filled with a solu- 
tion formed of sulphuric acid i part, water 9 parts. 

The desired number of cells having been thus prepared. 
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:nv connected in series, and the poles of each cell arc 
marked so that, they may he always connected up in the 
same wav. The charging current, from whatever source, 
should deliver a current ol ten amperes, with an electro- 
motive force ten per cent, above that of the accumulator. 

Knelt cell of this battery has an electro-mot Lve force of 
two volts, and the voltage of the series of cadis would he the 
number ol cadis 2. It is a simple* matter to determine the 
amount of current required to charge a given number of cells. 
Km* example, a battery is required for supplying a series of 
incandescent, lamps. It has 
been found uneconomical to 
use* lamps of a lower voltage* 
than ho. It will, therefore, 
require a battery having an 
K. M, K. of f>o volts to operate* 
even a single* lamp. 'This be- 
ing the* case, at least 30 c*c I Is 
ol battery must be* provided, 
and on account of a slight 
lowering of the* K. M. In in 
use*, two extra cells should be 
added. It will, therefore, re» 
quire 32 cells for a small in- 
stallation, and the machine lor 
charging such a battery should 
be able to furnish a current 
of ten amperes, with an ti. M. In of 75 volts. To form the 
battery, it is placed in the circuit of the dynamo and kept 
there for thirty hours continuously, or for shorter periods 
aggregating thirty hours. It is then discharged through 
a resistance of 20 or 30 ohms, and again recharged, the 
connections with the dynamos being reversed so as to send 
the current through the battery in the opposite direction. 
The battery is again discharged through the resistance, and 
again recharged in a reverse direction. These operations 
are repeated four or five times, when the formation is com- 
plete. It will require from five to seven hours to charge 
the battery after it is thoroughly formed. It must always 
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be connected with the dynamo as connected last in charging. 
Although amateurs may tincl pleasure in constructing 
and forming* a secondary battery, there is no economy in 
securing a battery in this way. It is less expensive and less 
vexatious to purchase from reliable makers. 

Til K R M ( )-K LKCT R I ( *. t ' U URKNT. 

Professor Seebeck, of Berlin, discovered in IK 2i that an 
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electric current could be produced bv the direct aj i« nt 
of heat to a conductor consisting of two metals soldered 
together, the heat, being applied to the junction of the two 
parts of the circuit. 

A simple thermopile for illustrating tins phenomenon 
is shown in Fig. 416. It. consists of a scries of brass 
and German silver bars, alternating in position and 
separated by strips of mica, except at a short interval at 
one end of each pair, at which point the bars are connected 
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by soldering;, The soldering; occurs alternately at opposite 
ends, as indicated in the plan view in the lower part of the 
cut, 'Phe hatteiy is thus formed of a continuous conduc- 
tor of dissimilar metals. 'Phe terminals of the series being; 
connected with a galvanometer of low resistance, heat applied 
to one end of the series will cause a current to flow. 'Phis 
will be indicated by a deflection of tlu- galvanometer needle. 
'Phe current will continue to (low so long; as a difference of 
temperature of the ends of the series is maintained. 


lot,, .1 1 7. 
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for electro-plating. In (his battery oik* element consists <4 
an alloy of two purls of antimony and one ol zint\ oast in a 
flat spindle-shaped bar, H, from a lo 3 inches in length by li 
inch in thickness. The other element is a thin strip, L, ol 
tin plate, which enters a notch in the inner end of one anti- 
mony-zinc: element and is connected in a similar way with 
the outer end of the nest element. These are joined in a 
circle, as shown in Fig 1 . 417, and are kept in position hv a 
paste of asbestos and soluble* "lass. Flat ring*-, V, of this 
composition are also made and placed between the series ol 
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Vertical Section of Clamumi'b Hiticry. 

elements, which are piled one* over dm other, as shown in 
Figs. 418 and 419. The connection between the several 
series is made by soldering together positive terminals ot 
one series with the negative of the next, as shown in Fig. 
417. When the battery is complete the interior presents the 
appearance of a perfect cylinder. 

The heating is effected by means of coal gas, admitted 
through an earthenware tube, A, perforated with numerous 
small holes. The temperature should not exceed about 
200" F. 

A battery of sixty such elements has an electro-motive* 
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force ol three volts and an internal resistance of lA ohms. 
This battery has been used in telegraphy, in electro- 
metallurgy, and in charging secondary batteries. 

klkctricai, un its. 

Potential is a (man used to express various decrees ol 
electrical energy or power of doing work, and is used with 
respect to electricity in much the same way as pressure is 
applied to steam. The earth, so far as potential is cone, rued, 
is said to be at zero The zero point forms a basis from which 
to measure the relative 1 electrical condition of bodies which 
may have 1 higher or lower potential than that of the earth. 

For the sake* of convenience, elect ricit v is treated as a 
Iliad. Any substance through which it Hows is culled a 
conductor, and the How of the fluid over flu* conductor is 
known as a current. Any substance over which electricity 
will not pass is called an insulator. 

The difference of potential between two points con- 
nected by a conductor causes a passage of electricity from 
om* point to the other until an equilibrium is established, 
when there can be* no further transfer of tin* current, When 
a current is passing, it shows that there is a difference ol 
potential. 

Fleet roanotive force t for convenience usually written 
K. M, Fu is that force which tends to move electricity from 
one point to another. It is proportional to the difference of 
the potential of (he two points. There may lu* a difference 
of potential at two points without a current. When the 
two points are connected by a conductor, the current will 
be established by virtue of the electro-motive force. 

All substances offer more or less resistance to the electric 
current. Most metals are called good conductors, because 
they offer hut little resistance to the passage of a current. 
Other materials, such as wood, stone*, glass, are practically 
non-conductors, and are therefore called insulators, 

Fleet ricitv being invisible and imponderable, it is impos- 
sible to measure it as ponderable matter is measured, there- 
fore special units have been devised for the measurement of 
electricity, which are of t wo kinds, known as absolute units 




{ 


426 KXl’KKIM KN'TAl. SCIKNt'K. 

and practical units, the ratio between the two being some 
power of ten. 

In these measurements, length, mass, and time are 
measured in centimeters, grammes and seconds, respectively. 
This is known as the centimeter-gram me-second method. 
The abbreviation for this method is (,'. (i. S. 

The absolute units of this system are not adapted to 
practical use, as they involve figures of inconvenient length, 
but in order to show the basis of electrical measurements, 
the following examples are given: 

The dyne or absolute unit of force is that force which, 
acting for one second on a mass of one gramme, imparts to it 
a velocity of one centimeter per second. The weight of one 
gramme according to this explanation is equivalent to a 
force of i x yXo-2 yHo‘2 dynes at New York, hit. 40 41 N. 
(A gramme is equal to 15,442 grains, and a centimeter to 
O’ 393 7 of an inch.) The velocity acquired by a falling body 
in one second is 4-rib feet, or yHo’i centimeters, at New 
York. 

The erg or absolute unit of work is the work required to 
move a body one centimeter against the have oj <mr dvne. 
The weight of one gramme being equal to <j 8 o dynes, tin- 
work of raising one gramme through one centimeter against 
the force of gravity is 980 ergs. . An erg is equal to , n..*. ,’0... 
of a foot pound. A loot pound is work done in raising one 
pound one foot high. 

A magnetic pole ol unit strength is such that, when 
placed at unit distance (one centimeter) from a simil.11 
pole, the two will act upon each other with unit force 
(one dyne). 

A unit line of force is of such strength as to act cm a pole 
of unit strength with unit force (one dyne). A magnetic 
field of unit intensity is one in which each square eenti 
meter of area is occupied by one unit line of force 

A current of unit strength is such that when flowing 
around an arc one centimeter long on a circle of one centi- 
meter radius, it exerts a force of one dyne on a unit pole 
placed at the center of t he circle, 

A conductor is of unit resistance when the work done in 
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a second by a current, of unit strength passing llirnu^li il 
equals one erg. 

The unit difference of potential or elect ro-motive force' 
is that necessary to impel a current of unit strength through 
unit resistance. 

Unit quantity of electricity is that conveyed by a unit 
current in one second. 

The practical units in most frequent use are the volt, the 
ohm, and the ampere. 

The volt (equal (o ic/ absolute units) or unit measure o( 
electro-motive force, or of dillerence of potential, equal 
approximately to the electro-motive force possessed bv one 
Daniell cell; accurately, it is 0*1*5 of the K. M, In of this cell. 

The ohm (equal to tn u absolute' units) or unit measure oj 
resistance is approximately equal to the resistance of 2 50 
feet of copper wire g 1 ,, of an inch in diameter, or ^ of a mile 
of No. q telegraph wire, 

The ampere ( ^.absolute unit) is the unit measure nl 
current strength. It an electro -motive lon e nl mu* volt he 
applied to send a current through a resistance nl one ohm, 
the strength ol the current produced will he mu* ampere; 
that is to say the strength of a current in amperes varies 
directly as tin* electro motive force applied to produce* it. 
and inversely as the resistance ol the citcuil. This is 
expressed by the formula known as Ohm’s law: 

K 

C* - where 

R 

C is strength ol cun rent in amperes, 

K is elect m- motive Iona* in volts, 

R is the resistance* in ohms. 

The coulomb ( absolute unit) is the unit of quantity, 
and represents the amount of electricity conveyed by one 
ampere of current acting for one second. This is repre- 
sented by the formula : 

y 

(- or <} *— ( V, where 
/ 

C is the current in amperes, 
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() is l lit* quant it v of electricity in coulombs, 

/ is the time in seconds. 

For example, if a current of a strength oi 5 amperes 
flows for ten seconds, the amount of electricity which 
passes during that period will he* 50 coulombs. 

The farad ( 10 11 absolute units) is the measure of capa- 
city, and is such that a condenser ol one la rad ol capacity 
could be raised to the potential of one volt by a charge of 
one coulomb of electricity, or in other words, by a current 
strength of one ampere acting for one second. 

As a condenser of the capacity of one farad would be 
inconveniently large, the microfarad, or one-millionth part 
of a farad, is the unit generally used. 

Since it is frequently necessary to measure quantities 
millions of times greater or less than the practical units, the 
prefix Mt'ga has been adopted to represent one million times, 
micro one millionth part, and milli one thousandth part. In 
this way the megohm signifies one million (duns, and milli- 
ampere one thousandth part, of an ampere. 

The gramme-degree (or calorie) the (\ (#, S. unit of heat 
is the amount required to raise one gramme of water one 
degree centigrade, and is equal to the work ol 42 million 
ergs or 3 r * 0 - foot pounds. The work required to raise* one 
pound of water one degree Fahrenheit is equivalent to 
about 772 foot pounds. 

The heat developed in a circuit depends upon the* 
strength of the current, the time that it acts, and the resist- 
ance of the conductor, and is calculated by the following 
formula, called Joule’s law: 

a k * 

1 1 . ... where 

4*2 

C is the current in amperes, 

R is the resistance in ohms, 
t is the time in seconds. 

H is heat in calories, or gramme degrees centigrade, as 
above. 

The joule or practical unit of heat is the amount of heat 
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caused by a current of one ampere acting through a lcsist- 
unce of one ohm in one second, and the heat may be calcu- 
lated by the formula: 

J ■ ( VJ R, where 
C is the current in amperes, 

R is the resistance in ohms, 

J is heat in joules. 

The watt or practical unit, of the rate of doing work is 
equal to ten million ergs (io 7 absolute C\ ( 1 . S. units) per 
second, or to the work produced in that time by one ampere 
of current of an electro-motive force of one volt acting 
through a resistance of one ohm. 

The horse power is the unit ut rate of work commonly 
uscal by engineers. 

An actual horse power is equivalent to .^,000 pounds 
raised one loot in one minute, or 550 fool pounds per 
second. 

The electrical horse power is equal to y*\U watts. 'Fla- 
work expended in a circuit in producing a current of a err 
tain strength and of known electro motive force, or against 
a known resistance, can be calculated by the following form- 
ula, which, however, only represents the work expended 
in the circuit itself, and does not make allowance tor that 
wasted in the generator and in the prime motor: 

\V -- C K or \V — r s R or 

C K H R 
H 1* — or — where 

74 fl 74 f ' 

C is t lie current in amperes, 

K is the elect ro-motive force in volts, 

R is the resistance in ohms, 

W is the work in watts, 

II P is the actual horse power* 

ARRANOF.MKN’T OF JIATTKRV c’Kt.US. 

To secure the greatest efficiency in a battery, the ele- 
ments must be arranged so as to adapt the electro-motive 
* Thrsia concine definition* arc? taken I ram “ Practical Electric Light* 
Ing," by A. Bromley Holme*. 
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force anil the internal resistance to the resistance ol the ex- 
ternal circuit. To accomplish this the batteries are con- 
nected up in different ways, so as to yield currents ut high 
voltage and low amperage, or the reverse. 

To facilitate the explanation ol the method ol connect- 
ing batteries, it will be necessary to describe the conven- 
tional sign by which the element is designated. Fig. 420 
represents the symbol or conventional sign for a single 
cell of any battery. The short, thick tine represents the 
zinc, and consequently the negative pole of 
the battery, while the longer, thin line stands 
l_ for the platinum, copper, or carbon plate, and 
the positive pole. The minus sign i ) is used 
to designate the negative pole, while the phis 
sign ( * ) is used to designate the positive pole. 
When a number of cells are connected together, as 
shown in Fig. 421, that is, with the positive pole ol one cell 
connected with (lie negative of the adjoining cell, with the 
terminal cells connected with the conductors, the batten is 
connected up in series; and when so connected it yields the 
highest, elect ro-motive force of which it is capable ; that is 
to say, it yields the electro-motive force of a single cell 
multiplied by the number of cells in series. 

A current of this kind is adapted to overcome high re- 
sistances. If a single cell 
of battery has an electro- 
motive force of one volt, 
then 12 cells of a battery ~ 
connected in series would 
have an elect ro-motive 
force of 12 volts. Now, to secure the best effects with a 
battery, the external resistance through which the current 
must work should lie equal to the internal resistance of the 
battery. In this case, if each cell of battery has a resist- 
ance of s ohms, the total resistance of the battery would 
be 60 ohms ; therefore, a buttery arranged in this way is 
best adapted to an external circuit having a resistance of 
60 ohms. 


mimimi 
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in this case the electro-motive 


force* being 12 volts and tin* total resistance of the circuit 


being 1 20 ohms, C 


ampere. 


Flu, 42 
!+• , 


have* then a current with the strength of cri 
ampere, having an electro-motive force ol 12 
volts. 

Perhaps the difference resulting from the 
methods of connecting up batteries cannot be 
better shown than by taking the opposite 
extreme. The 12 cells oi battery are eon 


by 

taking tin* 

opposite 

cells 

ol battery 

1 are eon 

circuit ; that is 

to say, all 

air 

connected 

with one 

the 

negative 

poles are 


the positive* poles arc* connected with one* 
conductor, and all the negative poles are 
connected with another conductor, as shown 
in Fig. 422, In this case, each cell ol battery 
having a resistance* of 5 ohms, the* total resist- 
ance of the 12 cells connected in parallel will 
be* of 5 ohms, which is a little* more* than 
0*41 ol an ohm, and the* eleetrn-tnntivc force 
of a battery thus connected will be* only that 
of a single cell; then, making the* external resist- 
ance equal to the internal resistance ol the 
battery, the total resistance o£ the circuit will 

E 

be 0*82 ohm. Now, by Ohm’s law, C 


we will have 


- V 2 M) amperes. 


Where the cells are connected three in 
series, with four such series parallel, as shown 
in Fig. 423, the electro-motive force will be 
three volts (this quantity remaining the same 
for any number of series of three connected 
parallel). The resistance is inversely as the 
number of series; assuming the resistance to 
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be 5 ohms per cell, the resistance of one series would 
be 15 oluns, and that of four series connected parallel 
15 

would be — 375. Now, making the external resistance 

4 

of the circuit equal to the resistance of the battery, the 


Fio, 423 

I 





total resistance of the circuit would be internal resistance 
375 4- external resistance $75 7'5 ohms; and bv the 

K 3 

formula C -- we will have — — 0-4 ampere. 

K 7-5 

In Fig. 424 the cells are arranged in three parallel series 

Firs. 424. 


+ 



of four each. The electro-motive force is 4 volts, the 
resistance of each series is 20 ohms; this divided by the 
number of series — 6-66 olmts. Adding the resistance of the 
external circuit, which should be the same, the total resist- 
ance of the circuit would be 13*32 ohms. The electro-motive 
force, which is 4 volts, divided by this resistance — 07 am- 
pere. 
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Take another example, in which 12 cells are arranged in 
two series of 6 each. The electro-motive force witl he 6 
volts, the resistance 15 ohms, and if a similar resistance be 
added in the external circuit, the total resistance will he 30 
ohms, and the current strength will he 0‘2 ampere. ., 

If, however, a resistance of 60 ohms he placed in the ex- 
ternal circuit, with cells arranged as in Fig. 425, the total 
resistance of the circuit then being 75 ohms, the current 

6 I 

strength would he — • ot> 8 ampere, which is much less 1 

75 . I 

than that obtained by the first arrangement, in which all the g 

cells aie in series. Or take the first 
example, in which all of the cells are in 
series, and make the external resistance 
IS ohms, instead of 60. The current 
strength would he tv 16 ampere, hut the 
extra strength would lie attended with 
an undue loss in the battery. 

It will thus he seen that by connect- 
ing cells in series the highest electro- 
motive force is secured, while cells must 
he connected parallel for the greatest strength of current. 

UAt.VANOMKTKKK. 

No one. can go very deeply into the study of electricity 
without reaching the subject of electrical measurements; cer- 
tainly very little can he done in this direction without a gal- 
vanometer of some kind. The simple instrument already 
described answers very well for detecting currents and 
showing their direction, but it is not sufficiently delicate to 
be of value in electrical measurements. 

Among all the galvanometers yet invented, there is per- 
haps none possessing so many good qualities as the one 
shown in Fig. 426. It is very simple. The materials are 
inexpensive. No great mechanical skill is required in its 
construction, and its sensitiveness and accuracy are suffi- 
cient for most requirements. Besides all this, it is perfectly 
“dead beat," so that no time need be wasted in waiting for 
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the instrument; to come to rest. This galvanometer is t he 
joint invention of MM. Deprez and I)*Arsonval, of Paris, 
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pound U-magnct, 7 inches high, formed of three steel mag- 
nets, one-quarter inch thick, secured together and to the 
angle plates by bolts. The distance between the inner faces 
of the poles of the magnet is 1 inches. Two and three- 
quarter inches behind the center of the magnet a brass col- 
umn rises from the base, and is provided near its center 
with an adjustable brass arm, supporting at its outer end, 
and exactly in the center of the space between the poles of 
the magnet, a hollow soft iron cylinder, 2*4 inches long, 
i 3 * fl inches in external diameter, jjj inch in internal diameter. 
The top of this cylinder is even with the upper ends of the 
magnet. To the top of the brass column is secured, at right 
angles, an arm that, extends over the hollow iron evlincler, 
and is provided with a vertical sleeve, in which is clamped 
a rod having on its lower end a small silver* hook, arranged 
axially in line with the iron cylinder. 

To a block attached to the base, opposite* the center of 
the magnet, is secured a tapering spring, X X A inch thick and 
3! inches long, carrying at its free end a small silver hook, 
which is arranged in line with the axis of the iron cylinder. 

A rectangular coil of No. 40 silk-covered copper wire, 
large enough to swing freely over the iron cylinder, is sus- 
pended by a hard-drawn No. 32 (o*cx.)H inch in diameter) sil- 
ver wire from the hook above, and is connected by a simi- 
lar wire with the hook on the spring below. The upper 
wire is 2 % inches long between its connections, the lower 
one 2$ inches. 

The sides of the rectangular coil are flat, being about U\ 
inch thick and x \ inch wide. The resistance of the coil is 
150 ohms. The silver hooks are connected with opposite 
ends of the coil, in the manner shown at 4 and 5, Fig. 426a, 
Each hook is provided with a flat head, which is secured 
between two thick plates of mica, the shank of the hook 
projecting through a hole in the outer mica plate. Each 
pair of mica plates is secured in place on the coil by a winch 
ing of silk, which is coated with shellac varnish to prevent 
the plates from slipping. The hooks are arranged exactly 
in the middle of the ends of the coil, so that when the coil is 
supported in the position of use by the silver wires, it will 
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oscillate freely between the poles of the magnet and the iron 
cylinder. The tennin ils of the coil are soldered to the sil- 
ver hooks. The upper hook is made a little more than a half 
inch long, to receive a small concave mirror, as shown at 
4, which is secured in place by cement or wax. The mirror 
has a focus of i meter. 

The relation of the magnet, A, the coil, C, and the iron 
cylinder, B, arc clearly shown at 3, which is a horizontal 
section taken through those parts. 

A glass shade protects the delicate parts of the. instru- 
ment. The two binding posts, which are outside of the 
glass shade, are connected under the base with the brass 
column and the spring, so that the current passes from one 
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3, Horizontal Section of Magnet. Coil, and Core. 4 and $, Details ot 
Deprez'a Galvanometer. 


binding post to the column, thence down the upper silver 
wire, then through the coil, the lower silver wire, and the 
spring to the other binding post. 

The silver wires are placed under considerable tension, 
and the coil is adjusted to a central position by turning the 
hooked rod at the top of the instrument. 

When an electric current is sent through the coil, it 
tends to assume a position at right angles with a line join- 
ing the two poles of the magnet, the amount of displace- 
ment of the coil from its normal position depending on the 
strength of the current. As the deflection for a very light 
current is small, a beam of light reflected from the concave 
mirror is employed as an index. The scale is arranged as 
shown in Fig. 427. the light being projected from a lamp. 
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supported at the proper height behind the scale, through a 
slit below the scale and on to t he concave mirror. The mir- 
ror reflects the beam on to the scale*. The mark at the cen- 
ter of the* scale is o, and arbitrary numbers, running upward 


regularly, are arranged on the marks on opposite sides of o. 
Tin* common paper scale used by draughtsmen answers for 
this purpose. 

When the coil is at rest, the light spot remains at the 
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center of the scale', but when a current passes through the 
coil, the beam moves steadily forward and stops without 
oscillation, the distance through which it moves depending, 
of course, on the strength of the current. The coil k 
returned to its normal position by the spring ot the silver 
wires. 

By employing shunts, heavy currents may be measured 
with the aicl of t his instrument. The sensitiveness ot (his. 
galvanometer is so great as to indicate a current when tin* 
ends of two No. 18 copper wires connected with it are 
placed on opposite sides of the tongue. 

The coil is carefully wound over a form covered with 
paper, each layer of wire being varnished with shellac var- 
nish as the work of winding progresses. When the coil is 
complete, the coil, together with the form, is heated in a 
warm oven until the varnish becomes hard throughout the 
coil. 

The concave mirror may be purchased from the optician, 
or a very fair mirror may be made by cutting a small disk 
from a double convex spectacle lens of ao or 30 inch focus, 
and silvering it. A simple and quick way of silvering a 
small surface consists in scraping from the back of a piece 
of ordinary looking glass all the silvering, except a patch of 
the size of the mirror to he silveretl. A small drop of mer- 
cury placed on the patch soon loosens it, so that it may lie 
slid from the glass and transferred to the disk, which must 
be perfectly clean. After the patch is in position, a piece 
of tin foil is placed on the back of the disk, pressed down 
firmly, and allowed to remain long enough to absorb all 
of the surplus mercury. It; is then removed, and the 
transferred silver will be found adhering strongly to the 
disk. 

The various dimensions above given are taken from an 
almost exact copy of a Deprez-D'Arsonval galvanometer 
made by Carpentier, of Paris. The copy operates admir- 
ably. It. is probable, however, that a considerable devia- 
tion from these dimensions might he made without seriously 
affecting the value of the instrument. 

The tangent galvanometer is of great importance in 
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electrical measurements, especially in the class relating to 
currents. The principle of the instrument is illustrated by 
Fig. 42S. In a narrow coil of wire is suspended a short 
magnetized needle, whose length does not exceed one-twelfth 
the diameter of the coil. Two light pointers are connected 
with the needle at right angles thereto. When a current is 
sent through this coil, the needle is deflected to the right 
or left, according to the direction ol the current, and the 
amount of deflection is dependent upon, but not propor- 
tional to, the strength of the current. It is, however, pro- 
portional to the tangent of the 
angle of deflection. 

A practical tangent galvano- 
meter is shown in Fig. 4 2y. In 
this instrument the conductor is 
wound upon a grooved wooden 
ring tj inches in diameter, the 
groove being | inch wide and 1 
inch deep. The wooden ring is 
mounted in a circular base piece, 
which is pivoted to the lower 
base to admit of adjustment. 

The lower base is provided with 
three leveling screws, which are 
bored longitudinally to receive 
pointed wires, which are driven Principle of TartKemt 
into the table to prevent the Oalvnnometer. 
instrument from sliding. The lower base is provided with 
an angled arm, which extends over the upper base piece, 
and is provided with a screw for damping the latter when 
adjusted. 

The winding of the ring is divided into five sections 
having different resistances, so that by means of a plug in- 
serted in the switch on the base the resistance may be made 
o, i, to, 50, or 150 ohms. 

Fig. 430 is a diagram showing the coils and the switch 
connections stretched out. The first coil, a, is a band of 
copper | inch wide and inch thick, with practically no 
resistance. The other coils are of wire. The coils, b and 
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together, have a resistance i >1 one ohm. The coils, c, />, ,i, 
have a combined resistance of to ohms. The coil, together 
with the preceding, oilers a resistance ol 50 ohms, and the 
combined resistance ol ail of the coils, r, </, < , n, is 150 
olmis. 

The conductors are connected with the binding posts, 
/,g, and the current Hows through the coils in succession, 

I' lu. 4a*). 


Tangent Oabanoroewr. 


until it reaches one of the* smaller switch plates, whic h is 
connected with the plate, A, by the plug. In the present 
case the plug is inserted between the plate marked 1 and 
the plate, A, causing the current to How from the binding 
post,/, through the coils, tr, />, ami plate. A, to the binding 
post, jr. The resistance of the galvanometer is obviously 
one ohm. 

The magnetic needle, which is « inch long, is located 
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exactly at. the center of the ring, and delicately poised on a 
line hard steel point. The needle should be jeweled to re- 
duce the friction and wear to a minimum. To the sides of 
the needle arc* attached indexes ol aluminum having Hat 
ends, each ol which is provided with a line mark represent- 
ing the center line of the index. The box containing (he* 
scale and the needle* is supported by a cross-bar attached to 
the wooden ring. To the top of the wooden ring is attached 
a brass standard, which is axially in line with the compass 
needle. 

Upon the standard is mounted a bar magnet, which 
may be adjusted at any angle or raised or lowered. 'Phis 


Imu. i;v>. 



magnet serves as an artificial meridian when the galvano- 
meter is used for ordinary work. When it is used as a tan- 
gent galvanometer, the magnet is removed. 

The Depre/, galvanometer is independent of the earth's 
magnetism, but the tangent galvanometer must be arranged 
with the coil and the needle in the magnetic meridian, and 
its adjustment must be such that a current which produces 
a certain deflection nl the needle in one direction will, when 
reversed, produce a like deflection in the opposite direction. 
The angle of maximum sensitiveness in the tangent galvan- 
ometer is 45" ; therefore, when it is possible to do so, the 
current should be arranged to produce ti deflection approxi- 
mating 45 . 
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The resistance of a battery may be ascertained by means 
of the tangent galvanometer as follows: The battery is 
connected with the galvanometer, and the deflection of < lie 
needle is noted; then a variable resistance is introduced and 
adjusted until there is a deflection, the tangent of the angle 
of which is equal to one-half the tangent of the angle of the 
first deflection. The resistance thus introduced is equal to 
that of the battery and galvanometer. Take from this 
quantity the resistance of the galvanometer, and the re- 
mainder will be the resistance of the battery.* 

For example, when a battery placed in circuit with a 
tangent galvanometer produces a deflection of 48 , the tan- 
gent of that angle being riti.half of this quantity would 
be 0-555, which is very nearly the tangent of the angle ot 
29"; therefore, resistance is introduced until I he needle falls 
back to 29". Assuming this resistance to be 15 ohms, and 
the resistance of the galvanometer to be to ohms, the gal- 
vanometer resistance deducted from the resistance intro 
dueecl leaves 5 ohms, which is the resistance of the batten. 

To measure the electro-motive force of a battery, a 
standard cell is necessary. A Daniell or gravity cell, hav- 
ing an It. M. F. of 1-079 volts, is commonly used. This is 
connected with the tangent galvanometer, and the deflection 
and total resistance in the circuit, which should he high, is 
noted. The standard battery is then removed and the one 
to be measured is inserted in its place, and the resistance 
of the circuit is adjusted until the deflection of flu* gal- 
vanometer needle is the same as in the first ease. It now 
becomes a matter of simple proportion, which is as follows : 

E. M. F. E M. F. Total Total 

of standard : of battery : : resistance ■ resistance 

battery. being in first in second 

me.isuro'l, case. (*««»<*, 

Assuming the resistance in the first ease to have hern 
2,500 ohms, and that in the second case 2,000 ohms, the pro 
portion would stand thus : 


1-079 


Unknown 
E. M, F. 


2,500 : 2,000 


* A table of natural tangents is given at the close of this chapter. 
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or as 5 to 4. The K. M. Id of the battery measured is there- 
fore 0*8632 volt. 

A convenient arrangement of the tangent: galvanometer 
scale is to have one side of the scale divided into degrees, 
the other side being arranged according to the tangent 
principle, so that the reading will be direct and reference to 
the table of tangents will be avoided. 

The simplest method of measuring resistance is that 
known as the substitution method, in which the unknown re 

Fa,. 431. 
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Diagram uf WheatHtone'fi Hritlge. 


sistancc and a galvanometer are placed in the circuit of the 
battery. The deflection of the galvanometer needle is noted. 
A variable known resistance is then substituted for the un- 
known resistance, and adjusted until the deflection is the 
same as in the first case. The variable known resistance will 
then equal the unknown resistance. If the current is so 
great as to cause a deflection of the needle much exceed- 
ing 45 , it should he reduced either by removing some of 
the battery or by the introduction of extra resistance into 
the circuit. The same conditions must obtain throughout 
the measurement. 
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The Wheatstone bridge presents the best known method 
of quickly and accurately measuring resistances. Any gal- 
vanometer may be used in connection with the* bridge, 
that: shown in Fig. 428 being the bt*st lor most purpose's. 
The bridge method was originally devised by Mr. ('hristie. 
The late : Sir Charles Wheatstone’s name is attached to the 
invention, in consequence of his having brought it betore 
the public i'he principle of this apparatus is illustrated 
in Fig*. 431. A current, in passing from 1 to 2, divides, a 
part, passing over t, a, 2 , another part passing over 1 , A 2. 
For every point in 1, a, 2 there is a point in t, A 2 having 
the same potential. If these Iwo points of equal potential 
be joined by a conductor, no current will pass through the 


Fie. 432. 



Bridge Rc**htaiict! Bnx 


■conductor. In the diagram the? points of equal potential 
are marked a, b , and they are connected by a conductor 
in which is inserted a galvanometer. 

/\, B, and Cure known resistances, and 1 ) is the unknown 
resistance. When A : B ; : C ; l), the galvanometer 
needle will stand at o. The resistance, C\ in variable, so 
that when the unknown resistance, I), is inserted, the resist- 
ance, A, is adjusted until the needle falls back to o. 

The commercial form of Wheatstone's bridge is reprr 
sentecl in Fig. 432. 

In this instrument a number of ends are suspended from 
the vulcanite cover of the box and connected with brass 
blocks attached to the cover in the manner shown in Fig. 
433, which represents a part of the resistance box. 

The terminals of the coils are connected with adjacent 
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blocks, so that a current entering at A will pass from the 
first block clown through the first coil, thence to the; second 
block. In the present case the second and third blocks are 
connected electrically by a plug inserted between them, so 
that the second coil is cut out, the current taking the path 
of least resistance. The current can pass from the third to 

Fm. 433. 
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the fourth blocks only by going through the third coil, and to 
pass from t,ho fourth block to the fifth, Ihe current must 
pass through the fourth coil. Whenever a plug is inserted it, 
cuts out the coil connected with the blocks between which 
the plug is placed, and when a plug is removed the coil at 
that point is thrown into the circuit. The coils of the 
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Diagram of Bridge Connection. 

resistance box are wound double, so that the current passe.- 
into the coil in one direction and out of it in the opposite 
direction, thus perfectly neutralizing any magnetic effects. 

Fig. 434 represents the top of the bridge resistance box, 
and the circuits diagram matically. The three branches 
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including the known resistance of the bridge are contained 
in the resistance box. In this diagram the connections of 
the battery and galvanometer, as shown in Fig. 43 1 , are 
transposed for the sake of convenience in calculation, hut 
the results are the same. The resistances, A B, of Fig. 431 
are each replaced here by three coils of 10, too, and 1,000 
ohms. These are called the proportional coils. The rest 
of the resistance box constitutes the adjustable resistance; 
and x, connected at I) and C, is the unknown resistance. 

The galvanometer is connected at 1 ) B, and t he battery 
at A G. The value of the unknown resistance, .i\ is deter- 
mined by simple proportion, 

x : R ; : .v ; S. 

As shown in Fig. 434, the variable resistance R — 21 63 

ohms, jr — 10 ohms, and S — * i,oooohms, therefore a 2 1 *03 

ohms. 

The value of the proportional coils may be expressed as 
follows: 
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The arrangement; of the proportional coils may be i,ooo: 
1,000 for large resistances, and 10 : 10 for small resistances. 
In using the Wheatstone bridge in testing cables or in 
measuring the resistance of an electro-magnet, or a coil, to 
avoid delay caused by the deflection of the needle before 
the current becomes steady, it is best to send a current 
through the four arms of the bridge (s, wS, R, x) before it is 
allowed to pass through the galvanometer. This is aecom- 
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Bridge Key utid ('onuecifons. 


plished by means of the bridge key, shown in Fig. 435, to- 
gether with its connections. 

This is in reality nothing more than a double key 
arranged to control the two parts of the circuit independ- 
ently, the upper key being arranged so that after it is closed 
it may be still farther depressed to close the lower one, the 
two keys being separated by an insulating button. 

The binding posts, a b, of the upper key are inserted in 
the wire which includes the battery, while the binding posts, 


44 « 


K X I'KRIM K NT A 1 , St ' IK N C T . 


c t/, of the lower key are inserted in the et inductor including 
the galvanometer. When this key is depressed it first sends 
the current through the arms of the bridge, and then allows 
it to pass through the galvanometer.* 

joint resistance ok isranvh morns. 

The resistance of a conductor is directly proportional to 
its length and inversely proportional to its sectional area, 
and the conductivity of a wire is the reciprocal of its resist- 

Km* 4V». 



ance. The conductivity of a wire having a resistance of i 
ohm is i ; that of a wire having a resistance of 2 ohms is jj; 
that ol a wire having 3 ohms resistance is J, and so on. 

The joint resistance of two parallel conductors is, of 
course, less than that of either taken alone. The joint 
resistance of a divided circuit is ascertained by finding the 
conductivities of the different branches. Tint reciprocal of 
this result will be the joint resistance. 

The method of determining the resistance (R) of a single 

* “Hand Hook of Electrical TemlnK," by Kempt* ; ** Practical Klmtri 
city,” by Ayrton ; “ Elementary Practical Physic*,’’ by Stewart and tier*; and 
“ Electrical Measurement* and the Galvanometer,” by Lockwood, arc desirable* 
book* on electric measurement*. 
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conductor ha k s alread}' been explained. To find the joint 
resistance of the divided circuit, 2, Fig. 436, one branch hav- 
ing' a resistance of 4 ohms, the other 8 ohms, the reciprocals 
of these numbers being respectively ^ and Mb these added 

8, which is the joint conductivity. The reciprocal <4 this 
is § - 2*66 ohms. In a similar manner the joint resistance of 

three branches (3, Fig. 436) may be ascertained. Assuming 
the resistances to be 2, 5, and 10 ohms respectively, the 
reciprocals are i, and which added < ( V which is the 
joint conductivity, the reciprocal of this M° ’ l ' 2 S ohms, the 
joint resistance. 

The joint resistance of four or more parallel conductors 
is found in the same way. In the case of the example 
shown at 4, Fig. 436, where the resistances arc' respectively 
100, 75, 50, and 25 ohms, the joint resistance is 12 ohms.* 

Electrical measurements are made in a commercial way 
by means of instruments graduated so as to be read directly 
in ohms, volts, and amperes. 

K X V A NS ION VO LT M KT K R.+ 

In the ordinary voltmeter, in which acidulated water is 
decomposed by electrolysis, and in which the strength of the 
current is determined by the volume of gas accumulating in 
a given time, there are several objectionable features which 
prevent it from coming into general use for the measure- 
ment of the strength of electric currents. 

In the first place, the electrolytic voltmeter is incapable 
of indicating the strength of the current at any particular 
moment, and cannot, therefore, yield anything but a mean 
result. It offers considerable resistance in the circuit, its 
indications depend upon the acidity of the water and the 
size and distance apart of the electrodes ; and to secure 
accurate results, the temperature and barometric pressure 
must be taken into consideration. 

The voltmeter shown in the engraving, Fig. 437, depends 

# Far simple^ method* of working out these and analogous problem* the 
reader 1st referred to "The; Arithmetic: of Klectrlca.1 Measurement!,* 1 by 
VV, R. IK Hobbs, 

f Published originally in the S^ritUi/k American of July c>, 1881, 
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on the heating effect of flic current on a thin wire or pla- 
tinum or copper, the linear expansion of the wire giving 
the index more or less motion, according to the strength 
of the current. 

This instrument has one source of error to he eompen 
sated for— -that is, the increase of the resistance of tilt* wire 
with the increase of temperature. No account is taken of 
the environing temperature nor of barometric pressure, and 
the indication may he read at any moment; and, moreover, 
the increase of resistance due to increased temperature may 
be disregarded, since the normal resistance of the wire is 
almost nothing. 

This voltmeter finds its principal application in connec- 
tion with the stronger currents, such as are employed in 
electric lighting, in electro-metallurgy, and in telegraphy. 
It must be adapted within certain limits to the current u hich 
is to operate it, but when the instrument is properly pro- 
portioned to its duties, its indications may be relied upon. 

A vertical plate of vulcanite supports a horizontal stud, 
upon which are placed two metal sleeves having a glass 
lining. To one of these sleeves is attached a counterbal- 
anced arm, carrying at its upper end a curved scale, having 
arbitrary graduations determined upon by actual trial under 
approximately the same conditions as the instrument will be 
afterward subjected to in actual use. The other sleeve car- 
ries a light counterbalanced metal index, which moves in 
front of the curved scale. Each sleeve is provided with a 
curved platinum wire arm, dipping in mercury contained in 
an iron cup secured to the base. Two platinum or copper 
wires are stretched along the face of the instrument, and 
attached at one end to hooks passing through an insulating 
post, and after passing once around their respective sleeves 
on the index and scale, are attached to spiral springs, which 
in turn arc connected with wire hooks extending through 
an insulating post projecting horizontally from the vulcan- 
ite plate. m 

Under each wire there is a horizontal metal bar com mum 
icating under the base with one of the binding posts. The 
two other binding posts are connected separately with the 
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two mercury cups. It will be* seen that with this construc- 
tion the expansion of the rear wire will move the scale, 
while the expansion of the front wire will move the index. 
In order to apply the current to any required length of 
wire, there is upon each of the horizontal bars a damp, 
which may be placed anywhere along the bar and screwed 
up so as to clamp both wire and bar. 

Usually the current to be measured will pass from the 
battery or machine to one of the binding posts, thence to 
the forward horizontal bar, thence through the expansion 
wire connected with the index, through the sleeve of the 
index, and finally through the mercury cup to the other 
binding post. 

It will be observed that both scale and index will be 
moved in the same direction by the expansion of their 
respective wires, and that the atmospheric temperature 
affects both alike. This being true, it is unnecessary to take 
any account whatever of external temperature. The appa- 
ratus is inclosed in a glass case to prevent the cooling action 
of the draughts of air. 

By connecting the index expansion wire with a battery 
having an electro-motive force of one volt, the deflection is 
slight, even with a fine wire, but in a stronger current from 
a battery having an electro-motive force of five volts and 
upward, slight variations will be readily indicated. 

As mentioned before, the instrument must be adapted to 
the conditions under which it is to be used. For use with 
a moderate current, a No. 36 platinum wire, about the 
length of that shown in the engraving, answers a good 
purpose, but for heavier currents from a dynamo-electric 
machine, a larger and longer wire of copper will be required. 
It should be small enough to be heated somewhat by the 
current, but not so small as to offer any material resistance 
in the circuit. 

When the larger wires are used, they are not wound 
about the sleeves of the index and scale, but are bent down- 
ward before reaching the sleeves, and the mercury cups arc- 
placed so as to receive their lower ends. Cords or small 
chains are attached to the angles of the wires and wrapped 
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once around the sleeves and attached to the springs. 
This instrument, placed directly in the circuit of a dyna- 
mo-electric machine, or in a shunt, will indicate the amount 
of current, passing. When it is desired to compare two 
currents, the expansion wire of the index is placed in one 
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circuit and the expansion wire of the scale is placed in the 
other circuit. In a delicate instrument of this kind the ten- 
sion of the expansion wires should be only sufficient to keep 
the wires taut, as they are readily stretched when consider- 
ably heated. 

AMMETER. 

The instrument shown in Fig. 438 is an ammeter, for indi- 
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eating the strength of the current when its coil is included in 
an electrical circuit. The horizontal metallic plate, mounted 
on the columns, is concaved in the middle and supports 
a .spring steel diaphragm that is held in place by the iron 
cap secured to the plate by several screws, so us to clamp 
the diaphragm tightly. 

The cap is chambered out to receive mercury, and has 
a stuffing box for holding a glass tube of small caliber. A 
vulcanite screw in the cap serves to bring the mercury in 
the tube to zero before taking a reading, thus avoiding vari- 
ations by the expansion of the mercury. The graduations 
on the scale at the side of the tube, which are empirical, 
represent the amperes of the current passing through the 
coil. A short rod is attached to the middle of the dia- 
phragm, and projects downward through a hole in the base 
plate to receive a soft iron cylindrical armature or core 
which extends into the coil. 

The diameter of the diaphragm is 2 inches; the caliber 
of the glass tube, croa inch ; a very slight motion of the dia- 
phragm is indicated by a considerable movement of the mer- 
cury in the tube. 

This instrument, placed anywhere in the main circuit, 
will indicate the strength of the current. An increase in 
the strength of the current results in the drawing of the 
iron core into the coil, and a consequent deflection of the 
diaphragm and downward movement of the mercury col- 
umn. The engraving is five-eighths of the actual size of 
the instrument. The glass tubes and scale are shown only 
in part. 

RECORDING VOLTMETER. 

In making electrical tests it is often desirable to consider 
the element of time, but, as every electrician knows, to do 
this with the ordinary appliances is tiresome, and the result 
is liable to be inaccurate. 

The extreme delicacy of the action of the galvanometer 
renders it difficult to apply to it any device capable of record- 
ing the movements of the needle without interfering more 
or less with its action. In the instrument shown in the cn- 
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graving a disruptive spark from an induction ('oil is utilized 
for making the record. The indicating parts are made and 
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arranged as in an astatic galvanometer. The helixes are 
wound with rather coarse wire (No. 22). The needle is astatic. 
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the inru*r member swinging in t lit* central opening in the 
helixes in the usual wav, the miter member being located 
behind the helixes. The arbor supporting the needle has 
very delicate pivots, and carries a long and very light alum- 
inum index, which is emmterpoisetl so that it assumes a ver- 
tical position when no current passes through the helixes. 
The needle is unaffected by terrestrial magnetism. 

The upper end of the index swings in front oi a gradu- 
ated scale, and is prolonged so as to reach to the middle of 
the cylinder, carrying a sheet of paper upon which the 
movements of the needle are to he recorded. This cylinder 
is of brass, and its journals are supported by metal columns 
projecting from the base upon which the other parts of the 
instrument are mounted. The scale is supported by vulcan- 
ite studs projecting from the columns, and to 011c of the 
columns is attached a clock movement provided with three 
sets of spur wheels, by either of which it may he connected 
with the arbor of the cylinder. One pair of wheels con- 
nect the minute hand arbor of the clock with the cylin- 
der, revolving the cylinder once an hour; another pair of 
wheels connect the hour hand mechanism with the cylinder, 
so that the latter is revolved once in twelve hours; while a 
third pair of wheels give the cylinder one revolution in 
seven days. 

This instrument is designed especially for making pro- 
longed tests. It is provided with four binding posts, two of 
which connect the wires of the batteries under test with the 
helixes. The other binding posts are connected respect- 
ively with the posts supporting the needle and with the jour- 
nals of the recording cylinder. These posts receive wires 
from an induction coil capable of yielding a spark from one- 
eighth to one-quarter inch long. 

The induction coil is kept continuously in action by two 
Bunsen elements, and a stream of sparks constantly pass 
between the elongated end of the index and the brass cylin- 
der, perforating the intervening paper and making a per- 
manent record of the movement of the needle. To render 
the line of perforations as thin as possible, the end of the 
index is made sharp and bent inward toward the cylinder. 
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'The spur wheels are placed loosely on the arbor of the 
cylinder, anti (he boss ot each is provided with a set screw 
by means of which it may be fixed lo the arbor. This 
arrangement admits of giving to the cylinder either of the 
speeds, as may be required. 

The paper upon which the record is to be made is 
divided in one direction to represent volts, and in the other 
into hours and minutes. The hour and minute lines are 
curved to coincide with the path of the end of the index. 

These records may be duplicated by using the sheet as 
a stencil and employing the method of printing used in con- 
nection with perforating pens. When the tests are of long 
duration, the action of the. induction coil is rendered inter- 
mittent by an automatic switch connected with the clock, 

KI.KCTRO-MAGNKT.S. 

A body of iron with an insulated conductor wrapped one 
•or more times around it constitutes an electro-magnet. The 
power of an electro-magnet depends upon the form, size and 
quality of its iron core, upon the number of turns the con- 
ductor makes around the core, and upon the current passing 
through the conductor. The number of amperes flowing 
through the wire of a magnet, multiplied by the number of 
turns the wire makes around the core of the magnet, gives 
the number of ampere turns; one ampere flowing ten times 
around is equal to ten amperes flowing once around. 
Two amperes flowing five times around is the equivalent 
of either of the foregoing. 

The magnetizing power of the circulating current is pro. 
portional to the number of ampere turns. The magnetism 
produced in the iron core is not always proportional to 
the ampere turns, as the current produces comparatively 
little effect when the magnet core approaches saturation. 

The battery must be proportioned to the resistance of the 
magnet to secure the best results ; or, if the magnet is ar. 
ranged with its winding in sections, so that they may be 
connected up parallel or in series, as will presently be de- 
scribed, the magnet may be adapted to the current. 

A large magnet made on this plan is shown in Fig. 440. 
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It is well adapted for experimental work. With a current 
from six medium sized bichromate battery cells it is capable 
of sustaining about one thousand pounds. It is provided 
with a switch, so that it may readily be adapted to u light 
or a heavy current by combining the several coils in series 
or in parallel. It is made separable, to permit of using the 
coils detached from the core. 

For the construction of the magnet 18 pounds of No. 14 
double-covered magnet wire are recpiired, also two well 
annealed cylindrical bars of soft iron, 8 in. long and in. 
in diameter for the core, a flat, soft iron bar 24 in. wide, 8 
in. long, and f in. thick for the yoke, a bar of the same kind 
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7 inches long for the armature, two double wooden spools 
4 in. in diameter and 7J inches long, with flanges ij» f in. 
wide and in. thick. 

The walls of the spools are ,V in. thick. Each space in 
each spool is filled with the No. 14 magnet wire. There 
are two ways of winding the wire. According to one 
method a hole is drilled obliquely downward in the flange, 
and one end of the wire is passed from within outward 
through the hole, and the spool is wound in the same man- 
ner as a spool of thread, the wires at the end of the coil 
being tied together with a stout thread to prevent unwind- 
ing. Each section of each spool is filled in the same 
manner. 
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Although this is the cpiickest way to wind the magnet, 
it is not the best way, as the inner end of the coil is liable 
to be broken off, when the entire coil must be rewound to 
secure a new connection with the inner end. The correct 
way to wind the wire is to take a sufficient length and wind 
it from opposite ends on two bobbins. Wind the wire once 
over the spool from one of the bobbins, then wind from the 
ends of the coil thus formed toward the middle, first with wire 
from one bobbin, then from the other bobbin, then wind 
from the middle back each way toward the ends in the same 
way, then again toward the center, and so on. By this 
method both terminals of the coil arc made, to come out 
on the outer layer. 
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At 1, Fig. 440, is shown the completed magnet and its arm- 
ature. 2 is a detail view of the spool. 3 shows the cores 
and yoke, both in perspective and section, the sectional 
view exhibiting the method of fastening the cores to the 
yoke by means of screws. 4 (Fig. 441) shows the magnet 
mounted on a wooden base provided with a plug switch for 
connecting the coils in parallel or in series. 5 is an enlarged 
view of the switch, and 6 shows one of the plugs by which 
the connections are made. 

The switch is formed of brass blocks, a, b, c, d, c, f, g, h, 
arranged in two series, as shown at 5 (Fig. 441). The 
blocks, a, //, are provided with binding posts for receiving 
the battery wires. The blocks are provided with semicir- 
cular notches forming the plug holes, 1, 2, 3, 4, 5. 6, 7, 8, p. 
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The block, a, is connected with the lower terminal ot 
the lower left hand coil, and the block, <\ is connected with 
the upper terminal of the same coil. The block, />, is con- 
neefed with the lower terminal of the upper left hand coil, 
and the block, J\ is connected with the upper terminal of 
the same coil. The block, //, is connected with the lower 
terminal of the lower right hand coil, and the block, e/, is 
connected with the upper terminal of the same coil. The 
block, is connected with the lower terminal of the upper 
right hand coil, and the block, c, is connected with the 
upper terminal of the same coil. 

When the holes, I, 2, and 3, are plugged, the current 
goes in series through all the coils. By plugging the holes, 
4, 7, 2, 6, and y, the current goes through the coils two in 
parallel and two in series, reducing the resistance to a quarter 
of the original amount, by halving the length and doubling 
the sectional area. By plugging the holes, 4, 5, d, and 7, 8, 
•y, the current goes through all the coils in parallel, and the 
resistance is reduced to ,' g the original amount, by mine- 
ing the length to % and increasing the sectional area four 
times. 

The polar extremities of the magnet are drilled axially 
and tapped to receive screws by which are attached exten- 
sion pieces for diamagnetic experiments. 

To retain the spools on the cores when the magnet is in 
an inverted position, a thin brass collar is screwed on the 
end of each core. The armature is provided with a hook 
for receiving a rope or chain, and the yoke has a threaded 
hole at the center for receiving the eye for suspending the 
magnet. 

Although this magnet is very complete and desirable, a 
large proportion of the experiments possible with it may 
be performed by means of the inexpensive magnet shown 
in Fig. 442. 

The core of this magnet is made of twenty thicknesses 
of ordinary one inch hoop iron, about g‘ a inch thick, thus 
making a rectangular U-shaped core one inch square. The 
parallel arms of the magnet are five inches long, and the 
distance between the arms four inches. 
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The pieces of hoop iron are readily bent and Fitted one- 
over the other in succession, the inner one being 1 fitted to 
and supported by a rectangular wooden block. When the 
core has reached the required thickness, the layers of which 
it is formed are fastened together by means of iron rivets 
passing through holes traversing the entire series of iron 
strips near the ends of the core. If it: is inconvenient: to 
secure the layers in this way, they may be wrapped from 
the extremities down to the angles with very strong carpet 

Fit 5 , *142. 



Kluctrtt*Mui{Mrt Partly In Hettticm, 


thread or shoe thread and afterward coated with shellac 
varnish, which holds on the thread and assists in cementing 
the whole together. 

The extremities, a a % of the core are filed off squarely. 
The yoke is damped to the base, d t by the clip, r, made of 
hoop iron or of wood. 

To the arms, a are fitted the coils, b b } which are 
formed by the aid of the device shown in Fig, 443, This 
consists of two wedge-shaped wooden bars, A B, which to- 
gether form a bar a little larger than the core of the magnet* 
and two mortised heads, C I), fitted to the bar with a space 
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of 4I inches between them. The he:ut, D, is provided with 
a screw for clamping the wedge bars, A H, and with an 
aperture, a, for the inner end ol the wire. The heads are 
lined with thick paper, and the bar between the heads is 
covered with a single thickness, K, of heavy paper. 

The winding is begun by passing the end of the wire 
(No. 16 copper cotton-covered magnet wire) through the 
aperture, a, allowing it to project about three inches, then 
winding the wire evenly over the bar from one end toward 
the other until the head, C, is reached. Before the second 
layer of wire is wound, the first one is brushed .over with 
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thin glue. The second layer is then wound, starting from the 
head, C, and winding in the same direction toward the head, 
D, and when the second layer is complete It is brushed over 
with the glue, after which the third layer is wound and 
glued, and so on, laying the wire on like thread on a sjmio! 
until six or eight layers have been applied. 

To prevent the destruction of the coil by the loosening 
of the ends of the wire, a loop of tape should be placed on 
the beginning of the first convolution and laid over the first 
layer of wire, so that it may be clamped by the second layer, 
and in a similar manner some stout threads should be placed 
.between the outer layer and the adjacent layer, so that they 
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may he tied over the last, convolution of the last layer. 
After the glue has become thoroughly dry and hard, the 
heads, C I), are removed from the bars, A 15, and the taper- 
ing bars are knocked out of the coil in opposite directions, 
their wedge shape facilitating this removal. Two coils pre- 
cisely alike tire required. When they are placed on the 
core, the outer end of one coil is connected with the outer 
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cud of the other, and the remaining ends are connected 
with a battery. 

To give the coils a finished appearance, they may he 
coated with shellac varnish colored with a pigment of suit- 
able color, vermilion for example. 

Almost any battery may be used in connection with this 
magnet. The simple plunge battery shown in Fig. 393 will 
answer admirably. 
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EXl'ERIMEN IS WITH THE EKEtTRO-MAHNET. 

To the poles of the magnet should be fitted two short 
iron bars having conical ends. These bars will need no 
special fastening, as the attraction of the magnet will hold 
them in place. 

In Fig. 444 is shown a simple way of reproducing Fou- 
cault’s experiment. A centrally apertured copper disk, (> 
inches in diameter, is attached by means of small nails to 
the end of a common spool, and the spool is mounted so as 
to turn on a screw inserted in a handle. The short iron 
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bars are arranged on the poles of the magnet, ns shown 
in the engraving, with the conical ends about one-fourth 
inch apart. A strong current is sent through the magnet, 
and the copper disk is whirled rapidly by quickly unwind- 
ing a string from the spool, after the manner of top spin- 
ning. The edge of the disk is then inserted between the 
conical pole pieces, but without touching them. The rota- 
tion of the disk is almost instantly stopped. A sheet of cop- 
per moved back and forth between the pole pieces offers 
a sensible resistance. 
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Most experiments in diamagnetism may be performed 
with this magnet. Short bars of various metals may be sus- 
pended, by means of a silk liber, between the poles. Iron, 
nickel, cobalt, manganese, etc., will arrange themselves in 
line with the poles, while bismuth, antimony, and several 
other metals will arrange themselves across the line of the 
polos. The. former are known as paramagnetic bodies, the 
latter as diamagnetic. 

Liquids placed in a watch glass, as shown in Fig. 446, 
exhibit paramagnetic or diamagnetic properties: by piling 
up at the center of the glass, as shown in the engraving, if 
paramagnetic, or by piling up on opposite sides of the cen- 
ter, if diamagnetic. 

The coils of this magnet, being removable, may be used 
in magnetizing steel bars, and for other purposes requiring 
the coils only. 

There are about three pounds of wire in each coil of tin* 
magnet. 
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DYNAMO. 

The great, development of electricity in recent: years, 
espeeiatly in the line of electric illumination, has served to 
add luster to the name of the immortal Faraday, and to 
show vvitli what wonderful completeness he exhausted the 
subject of magneto-electric induction. 

Since the close of his investigations no new principles 
have been discovered. Physicists and electrical inventors 
have, merely amplified his discoveries and inventions, and 
applied them to practical uses. 

The number of those who are familiar with the discov- 
eries of Faraday and their bearing on modern electrical 
science is not only large, but rapidly increasing, but there 
are those who are still learners, to whom new things, or old 
things placed in a new light, are ever welcome. To such 
the simple experiments here given may be an aid to the 
understanding of induction as developed in dynamos and 
motors. 

Any one at all acquainted with electrical phenomena 
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knows that a hardened steef bar surrounded by a coil o( 
wire which is traversed bv an electric current becomes per- 
manently magnetic. 1 1 is perhaps unnecessary to reiterate 
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the* accepted theories of this action, ns they an? welt estah 
lished and appear in almost, every text book uf physics. 

The fundamental magnetise lcctrical experiment uf Inns 
aday was exactly the reverse of the operation of producing 
a magnet by means of an electrical current* That is, it was 
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the production of an electrical current by means of a mag- 
net and coil. In the first instance the magnetizing power 
of the electric current is employed to tiring about the mole- 
cular change in the steel bar, which manifests itself in polar- 
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it V. 1" tlu‘ .sort >nd instance llu' magnetized steel bar is 
made f<> generate an electric eurrent: iu the wire of the 
coil. In tli“ hrst instance (lie current; moving in the wire 
of tlu> coil induced magnetism in the steel. In the second 
instance the movement, of the maguet.ized steel within the 
coil induced a current in the wire. 

The method of magnetizing a bar of steel is clearly 
shown iu lug. 447, in which a is a helix of six or eight; ohms 
resistance, b the bar of hardened steel, and c a battery of 
four or live elements. A key is placed in (lie circuit, but 
the ends of the wires may be made to serve the same purpose. 
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By closing 1 and opening the circuit while t he steel bar is within 
the coil, as shown, the bar becomes instantly magnetic* 
When the coil is disconnected from the battery and con- 
nected with a galvanometer, *4 as shown in Fig, 448, and the 
magnet, h % is suddenly inserted in the coil, the needle of the 
galvanometer will be deflected; but the action is only 
momentary. The needle returns immediately to the point 
of starting. When the magnet is quickly withdrawn from 
the coil the needle is deflected for an instant, but in the op- 
posite direction, and as before it immediately returns to the 
point of starting, It is obvious that if these electric pulsa- 
tions can be made with sufficient rapidity to render them 
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practically continuous, and ii tiny can In* ouKuinl so that. 
* pulsations of tlu* same name will always lit »\v in the same 

diivctiuu* the t tiracau thus pro- 
duced may he utilized. 

Before proceeding f u r t U e r 
with the consideration of mag- 
neto-clectrie iuductitm, it will he 
necessary briefly tea examine the 
subject of magnetic induction* 
as it is intimately connected with 
the action of the dynamo. In 
Fig. 449 is illustrated the usual 
experiment exhibiting this phe- 
nomenon. The electro-magnet is 
connected with a suitable buttery 
and a liar of soft iron is held near 
but not in contact with one of 
the poles of the magnet. It be* 
comes magnetic by induction, the 
end nearest the magnet being of 
a name different from that of the 
pole by which the induction is effected. The end of the 
bar remote from the magnet exhibits magnetism like that 
of tins pole of the magnet. The reta- K „ ;s , 
tiem of magnetic induction to magneto- ^ 
electric induction is dearly shown by the 
experiment illustrated in Fig. 450. In ( JB ) 

this case two electro-magnets arc arranged 
with their poles near each other or in con- 
tact. One of them is connected with a 
galvanometer, and the other with a but- 
tery. When the circuit of the upper 
magnet is dosed, the core of that magnet 
becomes magnetic, the core of the lower 
magnet becomes magnetic by induction, 
and the galvanometer needle is deflected. 

When the circuit of the upper magnet is ,,WiUU 
broken, the galvanometer needle is deflected in the opposite 
direction, showing that the results are precisely the same 
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as in t ho experiment. il lust rat cu l by Fig. 448. 1 11 this case 
no mechanical movement is necessary, as the magnetism is 
introduced into the roils of the lower magnet by induction. 
It is thus shown that it is not necessary to move any matter 
in the neighborhood of a magnet to secure magneto-electric 
induction. In Fig. 451 is shown an arrangement of electro- 
magnets in which one is fixed, while the other can be 
revolved. It is a device intended simply for showing how 
two ordinary electro-magnets may be utilized to advantage 
in experiments in induction. 

To the polar extremities of the fixed magnet is fitted a 
wooden cross bar, having in its center an aperture for re- 
ceiving the vertical spindle, the lower end of which is jour- 
naled in the clamp that holds the fixed magnet to the base. 
The upper end of the spindle is provided with a yoke for 
holding the movable magnet. The cross bar which clamps 
the magnet in the yoke is hcul in place by two screws, as 
shown in Fig. 453, and to the center of the cross bar is 
attached a wooden cylinder, r, axially in line with the spin- 
dle. To the wooden cylinder are secured two curved brass 
plates which are connected electrically with the terminals 
of the coils, a ef\ of the movable magnet, one plate to each 
coil. Two strips of enppet,,g held upon opposite sides 
of the* cylinder, complete the commutator. The. copper 
strips are connected with any device capable of indicat- 
ing a current-- in the present case an electric bell -ami the 
coils, rt ti\ of tin* fixed magnet are connected with the bat- 
tery, <\ 

By turning the upper magnet, the following phenomena 
will be observed: 1. When, by turning the movable 
magnet, its poles are pulled away from the fixed magnet, 
the departure of the induced magnetism from the core of 
the movable magnet produces an electric pulsation in the 
coil which operates the electric hell. When, by a contin- 
ued movement of the magnet in the* same direction, the 
poles exchange position, another electrical impulse will he 
induced by the remagnetizatiem of the movable core, and 
the bell will be again operated. 2. By examining these im- 
pulses by means of a galvanometer introduced into the 
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circuit, it will be found that they are of the same name. 
3. When the magnet, is turned a little faster, these two im- 
pulses will blend into one, so that for each hall of the rev- 
olution of the magnet the bell yields but one stroke. 4. By 
whirling the magnet quite rapidly, the current through the 
bell magnet is made practically continuous, so that the bell 
armature is drawn forward toward the. magnet anti held 
there. 

From what has been said, it will be seen that all of the 
positive electrical impulses are generated upon one side of 

the poles of the fixed magnet, and 
all the negative impulses are 
generated upon the other side of 
the fixed magnet, and that the 
curved plates of the commutator 
conduct all of the positive elec- 
trical impulses to one of the 
strips, and all of the negative 
impulses to the other strip. 

In Fig. 4S4 is shown an 
arrangement of connections to 
convert -he device into a motor. 

In this case the battery cur- 
rent passes through both the 
stationary and movable magnet, 
but it is commuted in the upper 
magnet so that it changes direc- 
tion twice during each revolution, the change occurring 
when the poles are in opposition, or a little in advance of 
reaching this position, to compensate for the time required 
to magnetize and demagnetize the core of the movable 
magnet or armature. The direction of the current in the 
movable magnet or armature is such that as its poles are 
approaching those of the fixed magnet, its magnetic charge 
will be of opposite name to that of the fixed magnet, so 
that attraction will result, but as soon as the poles are in 
opposition, the current in the movable magnet being re- 
versed, there is repulsion. In a motor of this kind these 
operations succeed each other with great rapidity. 
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The fifty cent toy clcctm-motor is shown in the annexed 
engraving It embodies the main features of the apparatus 
shown in Fig. 454, differing only in having a permanent fixed 
magnet instead of an electro-magnet. 

The vertical spindle which carries the armature is jour- 
naled at the lower end in the middle of a U-magnet and at 
the upper end in a brass cross piece attached to the poles of 
the magnet. The armature consists of a cross arm of vSoft 
iron wound with four or live layers of line wire. The ter- 
minals of the winding of the armature are connected with a 
two-part commutator carried by the spindle, and touched by 
two commutator springs supported by wires driven *nto the 
base. A metal stud, rising from the base, is connected with 
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Fifty Cent IClacirtc Motor. 

one of the commutator springs, and is provided with an 
insulating covering on its sides, while its upper end is bare. 
Upon the stud is placed an annular cell of carbon, which is 
touched on its outer surface by a spring connected with the 
remaining commutator spring. The cell forms one of the 
elements of the battery. The other element consists of a 
l>ar of zinc provided with a central aperture for receiving 
the upper end of the stud, and having its ends bent down- 
ward, The cell is filled with a solution of bisulphate of 
mercury in water. As the salt is reduced by chemical 
action, a current is produced which will run the motor at a 
high rate of speed. The motor Is fitted witli a wheel or 
plate for carrying color disks, similar to those accompany- 
ing the chameleon top. 
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DYNAMO. 


After noticing the effect, of plunging a magnet into a 
coil of wire, it: is not very difficult, tn the light of present 
electrical knowledge, to understand how the process of 
induction is carried on in a continuous way in the armature 
of a dynamo. 

The simplest form of armature for illustrating this point 
is undoubtedly that known as the Gramme ring armature. 
It is perhaps unnecessary to go into the details of the 
construction of the Gramme ring, as commonly used in 

IMG. 4 Mb 






Gramma Machine for UluHtratMt. 


dynamos. A very crude ring answers the present purpose, 
its core is formed of a compact circular coil of soft iron 
wire, which, in cross section, may he circular or of any 
other form. The core is wrapped with tape and varnished 
to insure insulation. 

Around this iron ring or core is wound an insulated 
copper wire, arranged in a spiral coil,/; like the winding <4 
an ordinary electro-magnet.. The ends of the copper wind 
ing are joined by soldering, thus forming a closed coil. The 
ring is mounted upon a circular wooden support attached 
to a spindle, so that the armature may be revolved in front 
of the poles of a magnet, a a', as shown in Fig. 456. In the 
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wooden support, in a circle concentric with and near the 
spindle* an* inserted six or eight wire nails, <*', arranged at: 
equidistant points. 'The copper winding of the ring is spaced 
ofi into as many sections as there arc nails in the circular 
row, and at the end of each section the insulation of the 
copper ware is removed a short distance* and a wire, /, is 
attached by soldering. These attached wires are each com 
needed with one of the wire nails. 

Now, all that remains to complete 
tlu: Gramme dynamo or motor is 
the application of two conductors, 

X X \ to the circular row of wire 
nails, as shown in Figs. 457 and 45S. 

This dynamo has all of the 
essential features of the regular 
machine— t he held magnet , t he 
iron armature core, the conductor 
wound upon the core, the com- 
mutator cylinder formed of the 
wire nails, and tlu* brushes consist- 
in# of wires held on opposite sides of the commutator 
cylinder. 

'This dynamo is constructed for illustration only, and not 
for practical use. It will generate a current, and maybe 
driven as a motor by a current, but of course not with the 
same advantage as a more complete, machine* 



DeUiiiU of Armature*. 


In investigating the phenomena of the armature, it is well 


Fmj, 4*uj. 


to begin with the simplest, case 
ol magnetic induction. When a 
bur of soft iron is held before the 
poles of a magnet, as shown in 
Fig. 45<j, it becomes itself a mag- 
net. The magnetism developed in 


MuKttellc I ml u^liun. 
the bur by the action of the magnet is opposite that of the 
magnet. That is, the magnetism developed in the end of 
tin* bar opposite the N pole of the magnet is S, and, simi- 
larly, the magnetism developed in the end of the bar 
opposite the S pole is N. The center of the iron bar is 
neutral. 
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By substituting an iron ring' lor (he straight bar, as 
shown in Fig. 4 bo, the effect will be the same. 1 he por- 
tions of the ring opposite the poles of the magnet acquire 
polarity by induction, as in the first instance, ami tlu* mag- 
netism extends in the ring from the vicinity of the poles 

toward the neutral line, 

* T ^ f° nns a I'iglb 

angle with a line joining the 
jIt*"* poles of the magnet. In 

F T v-ran mf Ip u p -- .. the figure of the ring the 

|Hn H 0 mi location of the magnetism 

^ j jQ P»aa in the ring is indicated by 

By turning the ring up. 

x on its axis, the material of 

Induction in an Iron Ring. t , u; riu ^ mnV( . s> but the 

polarity of the ring maintains a fixed position relative to 

the poles of the magnet. 

When the ring carries a coil, as shown in Fig. 4b I , the 
magnetic poles of the ring remaining stationary while the 
material of the ring and coil are revolved, there is it contin- 
ual passing of the sections of the coil through the magnetic 
field surrounding the pul- j,„. 4(l|> 

arized portions of the arum- x 

ture core and the poles of 

the magnet, which is some- ilrV\ ^ NAA * 

what the same in effect as fmgm »| 

the passing ot a magnetic rffl »^XrRflr . 

bar through the coil of the ImSBi StllL. 

The principal inductive 
effect is produced by the •* 

passing of the conductor Armature In Magnetic Field. 

through the magnetic field of the inducing magnet. Each 
half of the armature between the neutral points is practi- 
cally a single coil of wire, terminating at two of the com- 
mutator bars — which in the present case are the two nails 
— at diametrically opposite sides of the commutator cyl- 
inder; all of the remaining commutator bars and their 
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Armature in Magnetic Field* 
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connections being idle. In Fig. 456 two circuits arc shown 
in connection with the machine — one in full lines, the other 
partly in dotted lines, both connected with the battery, c. 
When the circuit represented in lull lines only is employed, 
the machine runs as a motor. When the wires shown by 
lull lines are disconnected from the brushes, the rotation 
of the armature in the field of the magnet, a a\ produces a 
current in the manner already indicated, and this current 
is taken from the armature by the way of the wires, i, the 
nails, <•', and the brushes, g g'. 

I his machine when used as a generator is strictly a mag- 
neto-electric machine, although an electro-magnet is cm- 
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ployed as a field magnet. A permanent magnet might be 
substituted for the electro-magnet. 

In the Siemens, Edison, Weston, and many other dyna- 
mos, the drum armature is used. This is shown diagram- 
matic-ally in Fig. 462. 

In this case the beginning of one coil and the end of the 
next preceding coil is connected with one commutator bar, 
and this order is maintained throughout the entire winding. 
This arrangement causes the current to flow always in the 
same direction, as the armature is revolved in the magnetic 
field* 

# Seimh/ic AmMmm (urn contain* full information cm tho 

construction of an eiglitdlght dynamo having a drum armature. Thompson's 
** Dynamo 4v1t*clric Machinery " and Hering's '* Dyn&rao-Eloctric Machines '* 
may ho cumuli ml for information on dynamos. 
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In the diagram only four coils and four commutator liars | 

are shown. In the actual machine the armature is divided j 

up into a large number of sections. 

MAUN KT( l-KI.KCTRU ' MACHINKS. 

It has been already shown that it makes no material 1 1 i f- 1 

fere nee in the result whether a magnetized steel bar is intro. 

•duced into the coil, as in Fig. 44K, or whether the coil is pro* i; 

vided with a soft iron core capable of being magnetized by 
induction, by contact with, or proximity to. a permanent jj 

magnet. f 

Fig. 463 illustrates an experiment of this kind, in which j 

ths coil, A', of very fine wire, is provided with a permanent 

1 
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s 

'Soft iron core, and is connected with the galvanometer, IV, 
By placing the poles of a permanent horseshoe magnet in 
contact with the projecting ends of the soft iron core of the 
coil, the core instantly becomes a magnet by induction, and 
a current is set up in the coil in the same manner as in the 
former experiment. When the magnet is removed, the mag- 
netism of the core departs. This is equivalent to the 
removal of the magnet from the coil in the experiment illus- 
trated in Fig. 448, and the result is a momentary current in 
a direction opposite to that of the first. 

The inductive effect of the magnet; is much the same if 
the bobbin of line wire be placed around a permanent mag- 
net and the magnetic tension be disturbed by the application 
and removal of an armature. The Bell telephone (the essen- 
tial parts of which are shown in Fig. 464) is a familiar exam- 
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pie of this species of generator of induced currents. When 
the diaphragm, acting as an armature, approaches the mag- 
net, a momentary current, is set up in t he bobbin, A", in one 
direction, as indicated by the galvanometer, B", and when 
the diaphragm recedes from the magnet the current set up 
in the bobbin is in the opposite direction. In the telephone 
these currents have sufficient power to operate a second 
instrument of the same sort; but owing to the fact that the 
armature is very light, and never touches the magnet nor 
recedes very far from it, and the further disadvantage arising 
from the use of a bar magnet, the apparatus cannot rank 
high as a generator of electric currents, however well it 
may set vc the purpose of a telephone. 
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Another form of apparatus (Fig. 465), operating on the 
same principle, generates currents sufficiently powerful to 
‘work a polarized bell or annunciator over a line several 
miles long. This magneto key is made by clamping two six- 
inch horseshoe magnets upon opposite sides of two soft iron 
pole extension pieces, a, one-half inch in diameter, one and 
a half inches lung, and projecting one inch beyond the poles 
of the magnets. Kadi extension piece is provided with a 
bobbin, I), one inch long and one and a quarter inches in 
diameter, filled with No. 36 slipcovered wire. These bob- 
bins are wound and connected like the spools of an electro- 
magnet, and have a combined resistance of 200 ohms. 

In front of the poles of the magnet an armature, K, one- 
quarter inch thick, a little longer than the width of the 
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extremities of the magnet, and about one* inch wide, is piv- 
oted at its lower edge, and provided with a key lever by 
which it may be drawn from the poles ol the magnet. A 
spring under the key lever throws t he armature bark into 
contact with the magnet. 'This is a simplified form of lire™ 
guet’s exploder, used in firing blasts in mines, and although 
much smaller than the apparatus referred to, it is capable 
of ringing a polarized bell over fifteen or twenty miles of 
wire, and will give a powerful shock. 

ft is a convenient and inexpensive apparatus for signal- 
ing, and is particularly adapted to the telephone when used 
in connection with the polarized annunciator or polarised 
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bell, presently to be described. In this apparatus like pules 
of the magnets must oppose each other, ami the damping 
pieces and screws should be of nun-magnetic material, if 
two magnets do not produce a current ol sufficient strength 
for the intended use, two more may be added. 

In this form of magneto-induction apparatus the action 
of the magnet and coil is identical with that of the Bell tele- 
phone. This action is similar to that of two permanent 
horseshoe magnets having their unlike poles in contact. In 
this case the opposing poles- neutralize each other to such an 
extent as to almost destroy all magnetic effects. On se pa- 
ting the poles of the two magnets they regain their normal 
magnetism. The case is much the same with the mag- 
netic key. The armature, E, when applied to the pole ex- 
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movement of the armature is t* » make tin- auuatute in tin* 
form of an electro-magnet, ami mount it upon a rotating 
spindle so that it may revolve in close proximity to the 
poles of a strong permanent horseshoe magnet. This form 

of machine, which is the invention ot Clarke, is shown in Fig. 

467. It has long hern used tot 
medical put poses, and before the 
invention ot the more recent 
machines was employed fur rice, 
tro-iuetalhirgx and Jot other pur- 
j it ises. 

The elet f 10 magnetic at mature, 
(», is mounted on a shatt, so that it 
may revolve vm near Imt m*t in 
contact with the poles »,t the com 
pound magnet, F, tine >4 the ter- 
minals of the boiibius is in elec- 
trical t ouuecttoii with the shaft, 
the other is unmet fed with an 
insulated ferrule on the shaft. The alternating current is 
taken off by two springs, one touching the insulate, I In rule, 
the other bearing against the shaft When the lurrmt is 
required to flow in one direction, the insulated ferrule is 
split longitudinally into two equal separate halves, each 
of which is connected with one 
terminal of the armature wire. 

This split ferrule, together with 
springs, If, which press u{«*u its 
diametrically o p posi t r sides, 
forms a commutator which sends 
the momentary currents of like 
name all in one direction. 

The slots of the ferrule air 
arranged relative to the springs, 

H, and armature, so when the {Hilar tan s ,,t the armature 
cross a line joining the poles of the permanent magnet, the 
springs will leave one-half of the fer rule and touch the other 
half. 

frig. 46N shows a modification ot Clarke's mat fiitie, in 
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which the permanent magnet. ! . is provided with pole 
extensions of soft iron surrounded in line win- bobbins, 1) . 
These bobbins are connected like an clet tio iuat; net, ami 
when the armature. (« . is turned so as fo semi a dim t cut 
rent through the springs, i! .an alternating current tuav he 
taken from the bobbins. 1) . 

Fig. 4 Cx) shows a kitnl of commutator designed tor short- 
circuiting the maehim* through a part of the revolution, so 
that when the short circuit is broken a direct extra current 
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capable of giving powerful shocks will pass over the con- 
ductors leading from the machine. Hath half, «/, of the 
commutator ferrule is provid d with an arm,*-, terminating 
in a curved piece, 4% attached t * * opposite sides of the insulat- 
ing cylinder, r, 1 he curved pieces, 1;, are pressed by springs 
which are electrically connected with the commutator 
springs on their respective sides o! the cylinder, so that 
when the piece,,*,', is tom tied In its spring and the ferrule, > 1 , 
is touched by its spring tin- two springs Swing in ejr« trieul 
communication with eat h other the mat hme is for the 
moment short-circuited, but w hen » <,ut,« t with < m broken. 
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the extra current passes by the usual channels from the 
machine. 

A magneto-electric machine equal in power to three or 
four Bunsen elements is shown in Figs. 470, 471, and 472. 
The compound held magnet is composed of twelve six-inch 
horseshoe permanent magnets, Iv, arranged in two groups 
of six, with their like extremities clamped between curved 
soft iron bars, J, as shown in the vertical longitudinal sec- 
tion, Fig. 472. These bars consist of sections cut: from com- 
mon wrought iron washers, 3 inches external diameter, 
inch thick, and having a 1 £ inch hole through them. The 
washers are all drilled to receive the bolts, h //, before they 
are cut in two. The washers, J, and magnets, K, are 
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placed in alternation and damped between brass angled 
plates, L, by which the middle portion of the field magnet 
is fastened to its base. The magnets are further secured to 
the base by standards, j\ which damp the sides of each 
group of magnets, the magnets being kept the proper dis- 
tance apart by interposed strips, L 

The bars, J, are cut away on the inner edges, forming an 
approximately elliptical opening for receiving the armature, 
l, which is a very little less than tfj inches in diameter, and 
is \k indies long. It is of the Siemens H type, and is 
wound with four parallel silk-covered No. 32 wires, which 
terminate in eight insulated metallic blocks on the switch, 
M, one block to each end of each wire. 

The switch is shown in detail in Fig. 473 — t. 2, 3,4, $,6, 
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7, 8 being 1 the terminals of the wires of the bobbin. The 
blocks, 1 and 5, represent the ends of the first wire, 2 
and 6 representing the ends of the second wire, 8 uml 7 
the third, and 4 ami 8 the fourth; 15 and tO are curved 
brass pieces capable of being plugged into connection with 
the blocks just mentioned, by means of screw [dugs, shown 
in place in the engraving. The pieces, 1$ and ifi, are com 
neeted respectively with the two halves, () l\ of the com- 
mutator cylinder. 

At the ends of the curved pieces, 15 anf ^ there are 
metallic blocks, 17, 18— t he block, 17, being connected by a 

Fu;. 473. 
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Switch of the Magneto -Mectrlc Machine. 

wire with the metallic boss of the rubber wheel upon which 
the switch is mounted ; the block, 18, being connected by a 
wire with a brass ring, Q, on the rubber support of the 
commutator. 

Inside the blocks, i to 8, there are six metallic blocks, 9, 
10, n, 12,13, I4> connected together by wires us shown. The 
opposite sides of the commutator cylinder are pressed by 
springs or brushes, It, which are sustained by an insulating 
support and are provided with binding posts for receiving 
the wires for conducting away the direct, current. A spring, 
T, touches the end of the armature shaft, and has a binding 
post for receiving a wire conductor, and a spring, U, sus- 
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taincd by an insulator attached to the angle plate, L, has a 
binding post for receivin';- a conductor. 

This machine will yield currents of three different inten- 
sities, and will deliver t hem either direct or alternating-, and 
it answers admirably as a motor. 

To obtain a quantity current, the screw plugs are inserted 
as shown in Fig. 473, so as to connect 1, 2, 3, 4 with 15, and 
5, b, 7, <S with id. In this condition it may be used as a 
motor. 

The success of the machine as a motor depends in 
a great measure on the adjustment of the commutator. Its 
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slit should be nearly opposite the center of the open space 
or groove in the armature. 

To secure a current of higher voltage, connect 5 and 6 
with tb, connect r to a and 2 to 1 1, connect 12 to 7 and 7 to 
8, and finally connect 3 and 4 with 15. To get the highest 
voltage, connect 5 to 16, t to tj, 10 to 6, 2 to 11, 12 to 7, 3 to 
13, t4 to K, and 4 to 1$. Direct currents arc taken from the 
springs, R, alternating currents are taken from the springs, 
T, U, after connecting 15 to 17 and 16 to 18. The quantity 
current is obtained from four parallel wires, which are 
equivalent to one wire having four times the sectional area 
of the single wire and one-fourth the length. When the 
medium current is secured the wire is doubled, so that it is 
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equivalent to a wire having twice the sectional area nl the 
single wire and one half the length. For the high voltage 
current the full length of wire is used single. 

Fig. 474 represents a Siemens polarized hell, in which an 
iron yoke, ///, is supported from the elongated ends of the 
yoke of the magnet, 4 by two brass studs. The yoke, w, 
supports the pivots of the bell armature,//, also the studs 
upon which the bells are placed, and to it is secured the 
magnet, /, which is bent under the yoke of the magnet, 4 
without, touching it. 

Fig. 475 shows a similar hut simpler device, in which 


Fiu 475. 



Simple Polurlsod Belt, 


the poles of the magnet, /', are fit ted with a brass yoke* 
m' , which supports an iron frame in which is pivoted 
the armature, //', and to which the bell is attached. This 
frame has a socket, o’, for receiving; one of the poles of a 
horseshoe magnet, />, the other pole of which touches tin- 
yoke of the magnet, /’. 

The polarized annunciator shown in Fig. 476 lias two 
soft iron cores, r, carrying two bobbins of fine wire con- 
nected like the spools of an elect ro-magnet. In front nl 
these soft iron cores there is a light delicately pivoted plate, 
.r, of iron, which is held in contact with the cores, r, by 
magnetism induced in them by a magnet, /, damped in the 
middle and capable of being adjusted by a spring and screw 
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at the bottom. The iron annunciator plate, s, has sufficient 
inclination to cause it to drop if released from the cores, r. 
The magnet. is placed so near the cores, r, as to impart to 
them just enough attractive force to hold the plate, .s', and 
no more. 

The polarized hells and annunciator may be worked by 
either of the instruments shown in Figs. 465, 4H6, and 467, 
and will he found for many uses pre- 
ferable to electric bells and annuncia- 
tors operated by battery currents. 
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HAND POWER DYNAMO, 

log. 477 is a perspective view ot 
a small hand dynamo, which is shown 
half size in detail in Figs. 478, 479, 

480, and 481. This is a Siemens H- 
armature machine, which is as efficient 
as any muill dynamo, while it has the 
advantage of being readily understood 
and easily constructed. The held 
magnet is, for the sake ot con- 
venience, composed of two pieces, 

A B* which are exactly alike except- 
ing that the connecting piece, C\ is 
cast with the piece, A. The parts, 

A B, are planed at their juncture at 
the top, and secured together by two 
bolts width passthrough the part, C. 

The lower ends of these parts are 
also planed it) receive the brass 
plate* F* which is secured in place by dowels and screws, 
two of each entering each part. The cylindrical cavity 
width receives the armature, G, is bored out truly and 
smoothly of a uniform caliber from end to end. The 
edges ol that portent of the held magnet around which the 
wire, D, is wound are rounded and a piece of cotton cloth 
is wrapped around each core, and secured by means of 
shellac varnish. Upon this is wound seven layers of No. 
16 cotton-covered copper wire. The limbs of the magnets 



Annunciator, 


K X I' 1 •: R[ M K NT A l . SCI K N f K. 



488 

arc wound in (lie same direction, or in such a way that 
when the two portions, A B, are placed end to end, one coil 
would be amply a continuation ol the other. The inner 
ends of < he coils arc connected together, while their outer 
ends are of stiOicient length to run downward through the 
base, and bend outward at m 0, and are connected with the 
binding posts, n /*. 

The armature, Cl, consists ol a cylindrical piece ol soft 


Hand tWur Dynamo. 

cast iron grooved longitudinally and across the ends, and 
wound with No. 18 cotton or silk covered copper wire, it 
is, in fact, a very short and wide bar electro-magnet, having 
enlarged and elongated ends of the form of a segment of a 
cylinder. In diameter the armature is only a very little less 
than that of the cylindrical space between the parts, A B, 
of the field magnet, and its length is little less than the 
width of he field magnet. In Figs. 478 and 480, G* is the 
core of the armature around which is wound the wire, H, 
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To opposite ends of the armature arc fitted the brass heads* 
I J, into which are screwed the shafts, l> r. The core, («’,«»{ 
the armature is filed to remove roughnesses ami hard scale, 
and the heads and shafts are fitted to the ends of the 
armature before it is turned and fitted to the cylindrical 


space in the field magnet. The shaft, /», is journaled in a 
brass suppoi t,L, which is attached by screws to the edges 
of the parts, A B, of the field magnet. The shaft, <\ is jour- 
naled in a similar support, M, which is secured to the oppo- 
site side of the electro-magnet. Outside of the bearing, L, 


upon the shaft, l>, is secured the pulley, //, and between the 
support, M, and the head, J, the commutator is placed upon 
the shaft, r. The commutator consists of a vulcanite cylin- 
der, f, having upon its periphery a copper or brass ferrule, 
which is slit longitudinally at diametrically opposite points, 
forming 1 he insulated segments, /,g. These are secured to 
the vulcanite cylinder by small brass screws, and the slits 
are placed exactly opposite the center of the longitudinal 
grooves in the armature. The commutator is prevented 
from turning on the shaft by a set screw, and with the seg 
meats, f & are connected the terminals of the armatuie 
coil, II. These terminals pass through holes in the head, 
J, width are lined with an insulating material, 

'To opposite sides of the support, M, are secured the 
copper commutator springs, h /, each consisting of five or 
six thicknesses of thin, hard-rolled copper. They are both sc- 
cured by screws, and insulated from the support by vulcanite 
buttons,/ The spring,//, is bent forward over the commuta- 
tor and bears upon it with a slight pressure. The spring, i, 
is bent so that it touches the commutator at a point dia- 
metrically opposite the contact point of the spring,/-. To 
the spring, //, a wire (No. 14) is soldered, and extends down- 
ward through the wooden base of the machine; a similar 
wire runs from the spring, /. As the design of this machine 
is such that the field magnet may be connected with a bat- 
tery, so that all of the current from the armature may In- 
utilized in the external circuit, instead of allowing a portion 
of it to pass through the helices of the magnet, two extra 
binding posts, u v, and a switch, N, are added. 
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The connections under tl it* bast* art* as follows: 

The* terminals, m 0 , oi (lit* field magnet are connected 
h tin* binding posts, // />. 'flu* commutator spring, / '1 , is 


connected by the wire, /\ with the binding post, ?•; the com- 
mutator spring, /, is t otmectrd with the switch, N, by the 
wire, /. The switch button. /\ is connected with the binding 
post, /\ by a suitable wire, and the switch button, .v, is eon 
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riectcd with the binding post, //, by the wire, /. All of these 
•connections should be made with No. l.j wire. A support, 
O, for the shaft, I’, is secured to the top of tin* electro-mag- 
net. The shaft, I’, has at one end the driving wheel, O, and 
at the other end a crank for operating the machine. A one 
inch belt, R, runs around the pulley, </, and the wheel, {}. 

When the machine is driven by power the pulley, tf, may 
with advantage be larger. 'Hie size of the wire on the mag- 
net and armature may be varied for some special purpose, 
but for general use the sizes here given are recommended. 
The slit in the commutator should be made slightly diagonal, 
so that one section of the copper ferrule will touch the 
■spring before the other section leaves it. The armature 
should fit. in the magnet as closely as possible without rub- 
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Armature* and Coimmuiitur— Longitudinal Section. 


faing. The parts indicated as brass or cupper slit add be 
made of these metals, as a magnetic insulation is required 
wherever they are used. 

When the switch, N, is in the position shown in Un- 
drawing, the binding posts, n being connected by a wire, 
the current passes from the post, v, through the commuta- 
tor and the armature, thence by the wire, /, to the switch, 
thence through the button, r, and by the wire to the post,/, 
thence through the field magnet to the post, n, through the 
terminal, m. When the machine is arranged in this man- 
ner, the wires leading from the machine are taken from the 
posts, v n. The full power of the machine is developed an 
instant after the connection of the posts, v n. 

By moving the switch, N, into contact with the button, 


DYNAMIC Kl.KtTKliTI Y. 


493 



ami connecting a battery <4 six nr eight Bunsen cells with 
t lie posts, ///>, the magnets are excited without: detracting 
Irotn the power of the armature, and the current from the 
latter is taken through' the wire, /•, as before, to the -post, 
but the wire, /, is now in electrical connection with the 
binding post, //, through the switch, N, button, s, and wire, 
t; therefore the current: is taken away from the machine by 
inserting wires in the posts, it v. 

When not connected with a battery, this machine will 
heat from four to six inches of No. 3b platinum wire. It 
will rapidly decompose water when the ends of the wires 
are dipped in water slightly acidulated. It will run an 
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induction coil. The extra current from this machine is sutli- ' 
dent to give strong shocks, ignite powder, etc. By connect- 
ing it with a helix or electro magnet, small permanent mag- 
nets may he charged. For many purposes this machine 
will be found equal to four or six Bunsen cells. 

When a battery is employed to excite the field magnet, ; 

the current is very much increased. For example, it will 
then heat twelve inches of platinum wire instead of four or 
six inches, and it will afford a current sufficient for a strong 
electric light. The speed hits much to do with the amount 
of current produced by the machine. The speed should be 
from 1,200 to 1,500 turns of the armature per minute. The | 

drive wheel in the example given may with advantage be 
made much larger, say two feet in diameter. 1 
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The electro-plating dynamo difiers I mm the one already 
described chiefly in its winding For metallurgical work a 
lar^e current of low voltage is required. For elect ro-typ* 
ing, an electro-motive force of three to lour volts is xutJi- 
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cient, while for nickel plating it should run up to about 
six volts, and for silver plating to about five. 

lu a small dynamo, like the one illustrated in Fig. 4K2, it 
is impossible to secure as wide a range of electro-motive 
force or of current as can be realized in a larger machine, 
but by varying the speed and by introducing more or less 
resistance in the external or internal eireuit, the current can 
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he adapted lo most uses of the amateur. In the construc- 
tion oi this dynamo all of the dimensions of the cores and 
polar extremities of the held magnet and of the armature 
core, as given in the description of the hand power dynamo, 
arc* followed except in regard to the thickness of the waists 
of the held magnets and their polar extremities. These 
dimensions art* here* increased by adding inch to the 
thickness of the waists and l 4 inch to the thickness of the 
polar extremities, thus increasing the amount of iron in the 
held magnet. 

'flu* at mature is wound with five layers of No. 12 cotton- 
covered magnet wire, and the. terminals of the coil are con- 
nected with th* halves of the eommutator cylinder as shown 
in Fig. 4K3, 

The commutator cylinder is formed ol two sections cut 
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Armature of Electro Dynamo— Half Size, 


from a copper tube and mounted upon a hub of vulcanite 
or vulcanized filter, the tube sections being separated from 
each other so as to form diagonal slits in diametrically oppo- 
site sides of the cylinder, as shown. 

The brushes are supported by mortised studs inserted in 
the ends of a cross bar of vulcanized fiber mounted on the 
journal box of the armature shaft. The threaded ends of 
the mortised studs project through the cross bar to receive 
binding posts which are screwed down tightly on the bar. 
In the mortises of the studs are placed the brushes, which 
press lightly upon the commutator cylinder. The brushes 
are formed of several thicknesses of thin hard-rolled copper. 
The field magnet is wound with twelve layers of No. 18 
magnet wire, and is connected as a shunt to the .armature, 
That is to say, the terminals of the field magnet wires are 
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connected with the same binding posts that receive the 
wires from the commutator brushes, as shown in big. 4K4, 
The conductors oi the external circuit arc also connected 
with these binding posts. When the connections are 
arranged in this way, the current divides at the binding 
posts referred to. a part going through the wire of held 
magnet, another part, going through the external circuit, 
which in the present case includes a plating solution. 

To the negative conductor is attached the cathode or the 
plate or object which is to receive the deposit, and upon 

Fi<; 4S4. 
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«f Plating Dvn«tittt. 

the positive conductor is suspended the anode or plate from 
which the metal for the deposit is supplied to the solution. 

Unless the dynamo is at first started with a battery in 
circuit, it will be impossible to tell, without a test of some 
sort, which is the positive and which the negative binding 
post. This can be determined in a moment by trial in the 
plating solution. 

If on starting the machine a deposit is made on the 
cathode, the connections are correct, if, however, no 
deposit appears, the conductors should be transposed either 
at the dynamo or at the plating hath. 
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Large wire should he used for carrying the current. 
Within certain limits the electro-motive force of the current, 
may he varied hy changing the speed of the machine, and 
the current may he controlled hy inserting resistance into 
the external circuit or into the shunt. 

The hand-power dynamo may he converted into a shunt 
machine hy arranging the connections according to Fig. 
484, hut it will be necessary to introduce resistance into 
the shunt or field magnet circuit to prevent too much cur- 
rent from going through the field magnet. 

The electro-plating dynamo may he used successfully in 
copper, nickel, and silver plating on a small scale, also for 
electro-typing.* 'This dynamo acts well when used as a 
motor in connection with the plunge* battery shown in 

m- 

The length of wire on the armature is 40 feet and on 
the field magnet about 5<x> lent. 

SIM l*hK M.KtTUli* MOTOR. 

It is generally understood that an efficient electric motor 
cannot be made without the use of machinery and line tools, 
it is also believed that the expense of patterns, casting.?, and 
materials of various kinds required in the construction of a 
good electric motor is considerable. 

The little motor shown in the engravings was devised 
and constructed with a view to assisting amateurs and 
beginners in electricity to make a motor which might be 
driven to advantage by a current derived from a battery, 
and which would have sufficient power to operate an ordi- 
nary foot lathe or any light machinery requiring not over 
one man power. 

The only machine work required in the construction of 
the motor illustrated is the turning of the wooden support 
for the armature ring. The materials cost less than four 

* %% Kter l fit' filiUiiiit " ami ** Klttctro-iypinjf," by Urquh&rt, strut “Electro- 
ItopcMtliiott.” by Watt, are <?*,«? I lent warki on thdr respective? subjects. The 

IV Ameritan SuffUmtnt aka contains valuable information on these 
not>jm« aticl on the construction of dynamos for tittle mv$. 
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dollars, and the labor is not great, although some of the 
operations, such as winding the armature and field magnet, 
require some time and considerable patience. On the 
whole, however, it is a very easy machine to make, and, if 
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carefully constructed, will certainly give satisfaction. Only 
such materials as may he procured anywhere are required. 
No patterns or castings are needed. 

Beginning with the armature, a wooden spool, A (Fig. 
486), should be made of sufficient size to receive the soft 
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iron wire of which the core < *1 the armature is tunned 
The wire, before winding, should be varnished with shellac 
and allowed to dry, and the surtaee ol the spool on which 
the wire is wound should he covered with paper to prevent 
the sticking of the varnish w hen the wire is heated, as will 
presently be described. The size ol the iron wire o( the 
core is No. |X American wire gauge. The spool is j,*, 
inches in diameter in the smaller part, and ,* inches in length 
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between the flanges. It is divided at the r enter and fastened 
together by screws. Each part is tapered slightly to facili- 
tate its removal from the wire ring. The wire is wound on 
the spool to a depth of § inch. It should 1 m* wound iu even 
layers, and when the winding is complete, the spool and its 
contents should be placed in a hot oven and allowed to 
remain until the shellac melts and the convolutions of wire 
are cemented together. 

After cooling, the iron wire ring. H, is withdrawn from 
the spool and covered with a single thickness of adhesive 
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tape, to insure insulation, tl adhesive tape is not at hand, 
very thin notion tape 1 or strips of cotton cloth may be sub- 
stituted. A single coal of shellac varnish will hold the cov- 
ing' in place. 

The ring is now spaced off into twelve equal divisions, 
and lines arc drawn around the ring transversely, dividing 
it into twelve equal segments, as shown in Fig. 487. 

Two wedge-shaped pieces, C\ of hard wood are 
notched and fitted to the ring so as to inclose a space in 
which to wind tin* coil. These blocks may be clamped in 
any convenient way. The coil, l), consists of No. 18 cot- 
ton-covered copper magnet wire, four layers deep, each 
layer having eight convolutions. The end, a, and the begin- 
ning, A of the winding terminate on the same side of the 
coil. The last layer of wire should be wound over two or 
three strands of shoe thread, which should be tied after the 
coil is complete, thus binding the wires together. 

When the first section of the winding is finished, the 
wire is cut off and the ends (about t wo inches in length) are 
twisted together to cause the coil to retain its shape. After 
the completion of the first section, one of the pieces, C, is 
moved to a new position and the second section is proceeded 
with, and so on until the twelve sections are wound. The 
coils of the ring are then varnished with thin shellac varnish, 
the varnish being allowed to soak into the interior of the 
coils. Finally, the ring is allowed to remain in a warm 
place until the varnish is thoroughly dry and hard. 

( ’are should. be taken to wind all of the coils in the same 
direction and to have the same number of convolutions in 
each coil. A convenient way of carrying the wire through 
and around the ring is to wind upon a small ordinary spool 
enough wire for a single section, using the spool as a 
shuttle. 

The ring is mounted upon a wooden hub, G, Fig. 488, 
and is held in place by the wooden collar, 11, both hub and 
collar being provided with a concave flange for receiving 
the inner edges of the ring. The collar, II, is fastened to 
the end of the hub, G, by ordinary brass wood-screws. 
Both hub and collar are mounted on a 3 \ steel shaft formed 
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of Stubs’ wire, which needs no turning. A pulley is formed 
integrally with the collar, II. The end of the hub, G, 
which is provided with a flange, is prolonged to form the 
commutator, and the terminals, a b, of the ring coils are 
arranged along the surface of the hub and inserted in radial 
holes drilled in the hub in pairs. The wires are arranged 
so that one hole of each pair receives the outer end of one 
coil and the other hole receives the inner end of the next 
coil, the extremities of the wire being scraped before inser- 
tion in the holes. The distance between the holes of each 
pair is sufficient to allow a brass wood-screw to enter the 
end of the hub, G, and form an electrical contact with both 
wires of the pair, as shown in Fig. 488. 

There being twelve armature sections and twelve pairs 
of terminals, there will of course be required a correspond- 
ing number of brass screws. These screws are inserted in 
the end of the hub, G, so as to come exactly even with the 
end of the hub without touching each other. This com- 
pletes the armature and the commutator. 

Before proceeding to mount the armature shaft in jour- 
nal boxes, it will be necessary to construct the field magnet, 
as the machine must, to some extent at least, be made by 
“ rulcydf thumb." 

The body, E, of the field magnet consists of strips of 
Russia iron, such as is used in the manufacture of stoves and 
stove pipe. The strips are 2| inches wide, and of any con- 
venient length, their combined length being sufficient to 
buildup a magnet core seven-sixteenths inch thick, of the 
form shown in Fig. 485. The ends of the strips are simply 
abutted. The motor illustrated has fifteen layers of iron in 
the magnet, each requiring about 26 inches of iron, approxi- 
mately 33 feet altogether. 

The wooden block, F, on which the magnet is formed is 
secured to a base board, G, us shown in Fig. 491, and 
grooves are made in the edges of the block, and correspond- 
ing holes are formed in the base to receive wires for tem- 
porarily binding the iron strips together. Opposite each 
angle of the block, F, mortises are made in the base board, 
G, to receive the keys, d, and wedges, t. Each key, <1 is re- 
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tained in its mortise by a dovetail, as shown in Fig. 492. By 
this arrangement each layer of the strip of iron may be 
held in position, as the formation of the magnet proceeds, 
the several keys, <7, and wedges, r, being removed and 
replaced in succession as t he iron strip is carried around the 
block, I\ When the magnet has reached the required thick- 
ness, the*, wedges, r, are forced down so as to hold the iron 
firmly, then the layers of iron are closely bound together by 

I HIS. .|()t ASM .|t)2, 
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iron binding win: wmtntl around the magnet through the 
grooves, f, and holes in the base board, CJ. 

The next step in the construction of the machine is the 
winding of the field magnet. To insure the insulation of 
t he magnet wire from the iron core of the magnet, the latter 
is covered upon the parts to be wound by adhesive tape or 
by cotton cloth attached by means of shellac varnish. 

The direction of winding is clearly shown in Fig. 493. 
Five layers of No. jf» magnet wire are wound upon each 
section* of the magnet. The winding begins at the outer 
end of the magnet, and ends at the inner end of the section. 
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When the winding is completed, the temporary binding is 
removed. The outer ends <4 roils 1 and are con. 
needed together, and the outer ends ot 3 and 4 are con- 
nected. 

The inner ends of ^ and 4 are connected. The innei 
end of 3 is to he connected with the commutator brush, J. 
The inner end of 1 is to be connected with tin* binding; 
post, and the binding; post, g, is to be connected with the 
com nut ta t o r b rush , 

The field magnet is now placed upon a base having 
blocks of suitable height to support it in a horizontal posi- 
tion. Blocks are placed between the coils, to prevent the 
top of the magnet from drawing down upon the armature, 
and the magnet is secured in place by brass straps, as shown 
in Fig, 485. 

The armature is wrapped with three or four thicknesses 
of heavy paper, and inserted in the wider part of the field 
magnet, the paper serving to center the armature in the 
magnet. The armature shaft is leveled and arranged at 
right angles with the field magnet. The posts in which tlu* 
armature shaft is journaled are bored transversely larger 
than the shaft, and a hole is bored from the top downward, 
so uh to communicate with the transverse hole. To prevent 
the binding of the journal boxes, the exposed ends of the 
armature shaft are covered with a thin wash of pure day 
and allowed to dry. 

The posts are secured to the base, with the ends of 
the armature shaft projecting into the transverse holes. 
Washers of pasteboard are placed upon the shaft on oppo- 
site sides of the posts, to confine the melted metal which is 
to form the journal boxes. Babbitt metal, or, in its absence, 
type metal, is melted and poured into the space around the 
shaft through the vertical hole in the post. The journal 
boxes thus formed are each provided with an oil hole, ex- 
tending from the top of the post downward. If, after clean- 
ing and oiling the boxes, the shaft does not turn freely, the 
boxes should be reamed or scraped until the desired freedom 
is secured. 

All that is now required to complete the motor is the 
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commutator brushes, //. They each consist of three or 
lour st rips of thin hard-rolled copper, curved, as shown in 
Fig. 4X8, lo cause I hem lo hear upon the screws in the end 
ol the huh, Ci. The brushes are secured by small bolts to a 
disk of vulcanized liber or vulcanite at. diametrically opposite 
points, as shown in dotted lines in Fig. 489, and the brushes 
are arranged in the direction of the rotation of the anna- 
lure. 

In the brush-carrying disk is formed a curved slot for 
receiving a screw, shown in Fig. 492, which passes through 
the slot into the post and serves to bind the diskin any 
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position. The disk is mounted on a boss projecting from 
the inner side of the post concentric with the armature 
shaft. The brushes are connected up by means of flexible 
cord, or by a wire spiral, as shown in Figs, 485 and 493. 
The most favorable position -for the brushes may soon be 
found after applying the current to the motor. The ends of 
both brushes will lie approximately in the same horizontal 
plane. 

When the motor is in operation, the direction of the 
current in the conductor of the field magnet is such us 
to produce consequent poles above and below the armature, 
as indicated in Fig. 493. 
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The dimensions of the parts of the motor are tabulated 


below : 

Length of field magnet (inside) fo inches. 

Internal diameter of polar section of magnet 3,% “ 

Width of magnet core 2.) *’ 

Number of layers of wire to each coil of 

magnet 5 

Number of convolutions in each layer. 34 

Length of wire in each coil (approximate). . , u'5 fret. 

Size of wire, Am. W. (1 No, 16 

Outside diameter of armature 3 'j inches. 


Inside diameter of armature core 

Thickness " “ " . . . . . 

Width " " “ ...... 

“ 11 " wound.... 


Number of coils on armature t.: 

Number of layers in each coil j 

Number of convolutions in each layer..., 8 
Length of wire m each armature coil (ap- 
proximate) 15 feet. 

Size of wire on armature, Am. W. G No. i 1 * 

Length of armature shaft 7 , inches. 

Diameter of armature shaft a \. " 

“ “ wooden hub tji " 

Distance between standards. 5 1 ,, " 

Total weight of wire in armature and field 
magnet f> lb. 


This motor is designed for use in connection with a fiat- 
tery of low resistance, preferably one of the plunging type 
(Fig. 394), as such a battery permits of readily regulating 
the speed and power of the motor by simply plunging the 
plates more or less. 

This form of battery has the additional advantages of 
being more powerful for its size than any other and of being 
very easily cleaned and kept in order. It has, however, the 
disadvantage of becoming exhausted in three or four hours, 
but this is partly compensated for by the ease with which b 
may be renewed. 
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Fight cells of plunging bichromate battery like that 
shown in Big. ,fo4 will develop sufficient power in the 
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Shir Elevation. Partly in Srctluii, uf Simple Electric Motor— Ono-third Size. 

motor to run an ordinary foot lathe or two or three sewing; 
machines. I! it is desirable to adapt the motor to a battery 
of higher resistance, the armature and held magnet may be 
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Vertical Trsinwerit faction of Minor* taken through the Center of the- 
Aontium?* ilttp third >iu K showing the Field Magnet in a Bhunt. 

wound with fitter wire. For a dynamo circuit the field mag- 
net ui the motor should be placed in a shunt. (See diagram 
of Plating Dynamo.) if the motor is wound with wire of any 
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size between Nos. 16 and 20, a battery may lie adapted to it. 
When the held magnet is wound with liner wire and con- 
nected as a shunt around the armature, the motor becomes 
self-regulating. 

The foregoing description of the small motor was written 
for the purpose of assisting amateurs who have few tools 
and no machinery. If all necessary tools are available, the 
motor may undoubtedly be modified in several particulars, 
to facilitate the work of construction, but without securing 
better final results. Mg. 496 shows a magnet made of cast 
iron. Instead of being formed of a single casting, it con- 
sists of two like halves, both made from the same pattern. 
The ends, which are square, are fitted together accurately 
either by planing or filing, and fastened together by screws 
or bolts, two at each end. The body of the cast iron field 
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•magnet should be fully one-half inch thick, and the ends 
one inch thick. 

The flanges, A, which confine the. wire as well as the 
portions of the magnet on which wire is wound, should be 
covered with thin cloth and shellacked before winding. 
The halves of the magnet are wound separately in a lathe, 
the ends being supported by the centers, B B, as shown. 

When the cast iron field magnet is adopted, the motor 
may be used as a dynamo. In this case, however, it would 
be advisable to use smaller wire, say No. 20 or 22 on the 
armature and No. 18 on the field magnet. It would also be 
well to double the number of coils on the armature, at the 
jame time doubling the number of convolutions and layers, 
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so as to greatly increase the length of the wire in each sec- 
tion. W here the exact, dimensions of the machine are not. 
known tin* armature should hr made first, the held magnet, 
being adapted It) the armature. 
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CIIMTKR XIX. 

A yUARTKR-HORSK I'OWKK KI.KtTkU' MuTnR, 

The electric motor described on page 497 ami the (til- 
lowing 1 pages was designed to be made from ordinary male 
rials without the necessity of employing line tools or machin- 
ery in its construction. It is operated by a current from 
the battery, everything connected with it. being within the 
reach of any amateur. In this chapter an entirely different 
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Quarter-Horae Power Etaeiric Motor, 

motor (Fig. 497) is shown unci described, in which the best 
obtainable materials are used, unci in the construction of 
which considerable mechanical skill is required and good 
tools are a necessity. 

This motor was designed and built especially for the 
writer by Mr. W. S. Bishop for this edition of “ Experi- 
mental Science,” with the intention of giving the reader 
full particulars regarding the construction of a complete 
modern quarter-horse power self-regulating electric motor 
for use on a direct-current 1 10- volt circuit. 
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Tins motor is well proportioned, so that by enlarging 1 or 
reducing it, in proportion to sectional areas, a motor smaller 
or larger than the one illustrated may be constructed. 

The motor is of the inclosed type, the held magnet 
forming a drum or cylindrical casing, with inwardly pro- 
jecting pole pieces on which are placed the coils of the held 
magnet (Fig. 497**). 'The heads support self-oiling journals, 
a a 1 (Fig* 497) which receive the shaft of the armature, 
which latter revolves between the poles. The heads (Fig. 
407//) are provided with removable sections for convenience 
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in examining tin* interior of the field magnet. The com- 
mutator brushes consist of spring-pressed carbon rods 
inserted in the insulated brass sockets placed in horizontal 
holes bored in opposite sides of the head near one of the 
journals. The commutator revolves between and in con- 
tart with these carbon brushes. The electrical connections 
are made at the top of the casing, as will be presently 
described. 

The steel armature shaft, which is supported by the self- 
oiling hearings in the heads, has a uniform diameter of § 
inch, and is t fi indies long. On this shaft is placed a east 
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iron sleeve 5} inches lim^; and 1 imii in outside diameter, 
(Fig. 498), with a head ±k inches in diameter and inch 
thick formed on one end, and a wrought iron nut o| the 
same size on the other end. The sleeve is secured by a 
key. On the sleeve between the head and nut are mounted 
the disks of which the armature core is formed. The end 
ones are -ji ff i»ol\ thick ; the intermediate ones, Xu. 25, all are 
of soft, sheet steel. The disks are varnished with thin shel- 
lac and dried before they are placed on the sleeve. These 
disks each have tH notches, each of which is ij inch wide 
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The Heads of the Fte'd Magnet. 

at the periphery, £ inch wide at the bottom and f inch 
deep. These notches, when the disks are placed together, 
form grooves for receiving the armature winding. The 
grooves are lined with strips of leatherboard which com- 
pletely cover the edges of the disks. A washer of vulcan- 
ized fiber gV inch thick is placed at each end, covering the 
end disks, and having notches of the same size as those iu 
the steel disks and holes large enough to admit the nut and 
(lange. 

The nut and flange are each insulated by a washer of 
canvas provided with a number of radial slits to enable 
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them to form down over the edge's of 1.1 10 ilange and mil:. 
I hese canvas washers arc coaled with shellac varnish. 

1 uhes of vulcanized liber arc placed on each end of the 
armature shaft adjoining the cast iron sleeve, so that no 
electrical connection can he made by the winding with the 
shaft. Every portion of the steel of the armature is thus 
protected, so that it cannot come into electrical contact 
with the winding. All of the insulating material is held in 
place by thick shellac varnish, which is allowed to dry 
thoroughly before the winding is done. 

The armature is wound with No. 22 (A. W. (».) single 
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Armature Gore, Half Size. 


silk-covered copper wire. There are eighteen coils on the 
armature, with lifty-eight convolutions in each coil. The 
winding is done while the armature shaft is supported on 
lathe centers. To begin, 3 inches of wire are left project- 
ittg from the commutator end of the armature, as shown in 
Eig. Htt, and to avoid mistakes, the armature groove in 
which the beginning of the winding is made is marked 18-1 
on opposite sides. Nine grooves are counted off and 8 
is marked on one suie of the ninth groove and 9 cm 
the other side. The wire is then carried along in the 
groove tX-i to the back end of the armature, thence over 
the end and past the shaft to the groove 8-y ; along this 
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groove to the commutator end of the armature, past the 
shaft to groove i8-i, along this groove to the rear end 
of the armature, and so on until grooves i S- 1 and *U> 
contain fifty-eight turns; then carry the wire to groove 
9-io, and back across the commutator end of the* arma- 
ture to groove i-i, when a loop of about 4 inches long 
is formed outside of the groove, and the winding is con- 
tinued in groove 9-10 and groove 1-2 as before, tilling in 
fifty-eight turns, and so on until the grooves are half filled 
and the winding is one-half way around the armature; but 
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Beginning of the Winding. 


each time a new coil is started the previous one must be 
protected by small pieces of oiled silk applied to the ends 
of the armature where the wires cross. After the coils are 
one-half on, i. e., after the winding has been carried around 
to the point of starting, the looped and twisted ends 
designed for commutator connections are thoroughly pro- 
tected with tape close up to the coils, and the winding is 
continued the same way as before, winding fifty-eight turns 
of wire on top of the wire first wound, until every groove 
is filled, and the loop is brought out of every space, when 



A i,U AKTKIv H< >RSK l'nWKR Kl.KCTRIC MOTOR. 515 

these loops arc protected by tape, as already described, and 
the commutator is placed on the shaft. The doubled and 
twisted ends are cut. off at the extreme end of the loop for 
attachment to the commutator bars. 

The commutator (big. .(uKr) is a vital part of the motor, 
needing {treat care in its construction. It has a hub or 
sleeve, f>, 1 k incites long, provided with an undercut, collar, 
r, formetl ott its inner etui, and is provided with a remov- 
able collar, <4 having an undercut portion, r\ corresponding 
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WimlintC thr L»i«l Coil t*f the First BarUm. 


to the undercut flange, e, but oppositely arranged. Between 
these undercut portions are damped the commutator bars, 
r, The latter are made of cast phosphor-bronze, when only 
a few are required. These are milled on the ends and 
inner side, the outside being turned off after the commu- 
tator is assembled. 

Another way to make the commutator is to cast a cyl- 
intlrr of phosphor-bronze, having the cross section shown 
in Fig. 4<$<r, afterward sawing the cylinder up into eigh- 
teen bars as shown. Each bar has a short, slotted arm 
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extending’ in a radial direction for receiving a pair of ter- 
minals of the armature eoil. The commutator sleeve or 
hub, b, is provided with a wrapping,/ and a washer, g, of 
mica for thoroughly insulating the bars from the sleeve, 
and with a mica disk, //, for insulating them from the collar, 
d. This collar is held in place by four screws passing 
through it into the. sleeve, b. To economize space the 
inner end of the sleeve, b, is chambered, as shown. The 
commutator is prevented from turning on the shaft by a 
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lug pin, i, which is inserted in the shaft, and is received in 
a short slot,/, in the sleeve, b. 

The commutator is 2 r \ inches in diameter, the bars are 
i inch long, and t \ wide on the outer face. They are 
separated evenly by strips of mica, which are turned off 
when the commutator is turned. The dimensions can be 
obtained from the engraving, which is one-half size. 

The looped ends of the armature coils are all carried to 
one side to the fourth commutator bar, and cleaned off and 
inserted in the slots of the arms projecting from the com- 
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mutator bars, (he wires being soldered in the slots. This 
arrangement of the wires admits of placing the carbon 
commutator brushes in a horizontal position, which is desir- 
able. 

The terminals of the armature winding arc all thor- 
oughly separated by pieces of oiled silk. They are wrap- 
ped with stout twine to resist centrifugal force and are 
varnished with shellac. 

In each slot of the armature is placed a strip of leather- 
hoard to cover the coil, and in peripheral grooves turned 
at three points in the length of the armature, are placed 
windings of No. i8 piano wire, which are carefully soldered 

Fa;. 
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Sectional Views of the Commutator. 

(Fig. 49 9), These windings prevent the bursting of the 
armature by centrifugal force. The winding and insulation 
of the armature is now provided with two or three coats 
of shellac varnish to exclude moisture and bind the wires 
and insulators. 

The armature is now carefully balanced by adding solder 
to the peripheral bands, or by increasing the solder on the 
arms of the commutator bars. The armature is tested by 
rolling it on parallel bars arranged in a perfectly horizontal 
plane. 

The field magnet, which has internal poles, v, is now 
bored to receive the armature and is faced off and bored to 
receive the heads. The latter are accurately fitted, so that 
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each may be retained in place by two tap bolts as shown. 
Accuracy of position is secured by facing the inner side* ui 
the head and providing* it with a shoulder which tits the 
finished edge of the field magnet. While the head is still in 
position in the lathe fhevsupport for the journal box is bored 
to insure proper alignment. 

The journal boxes, an 1 (Fig. 499#), each consist of a hronxe 
sleeve bored internally to fit the .shaft and turned off externally 
in two diameters, one to lit; the hub of the magnet head and 
the other to make room for the oil chamber, i\ which is 
further enlarged by the chambering out of the huh. The 
journal box is provided with an annular groove, m t to re- 
ceive the oil from the end of the shaft, and a small duet, //, 
conveys the oil back to the reservoir. The journal outside 
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The Finished Armature. 

of the groove, m, is counter-bored to prevent it from coming 
into contact with the shaft. 

A slot is cut across the upper portion of the journal box 
to loosely admit the ring, /, which rests upon the shaft and 
is revolved by frictional contact. The ring, /, carries up 
sufficient oil to keep the journal lubricated. The surplus oil 
falls from the inner end of the journal box directly into the 
oil reservoir. Collars are secured to the shaft at each end 
adjoining the journal boxes. The armature shaft is thus 
mounted so that the armature revolves within one-thirty- 
second inch of the polar extremities of the field magnet. 

The commutator brushes, A (Fig. 499^), which form the 
electrical contacts with the commutators, each consist of a 
brass tube, q, having a thick head for receiving a binding 
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screw, r, for holding the lead wire, .v, In the brass tube is 
ulaeed a spiral spring* /, which presses the cylindrical car- 
bon rod, u % forward into contact with the commutator cyl- 
inder. Iiaeh field magnet pole, v, is furnished with a coil, 
which is wound on a wooden form between two wooden 
collars on a strip of vulcanized liber one-sixteenth inch thick 
wrapped around the form. After winding each coil is 
wound with 'adhesive tape and varnished with shellac. 
There is a total of 3I pounds of No, 28 single cotton- 
covered wire in the coils. 

The wooden form for these coils should be a little larger 
than the magnet pole to insure the fitting of the magnet 
coils to the pedes. 

The coils arc both wound in the same direction and con- 
nected in series, the outside ends being connected together, 
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The Commutator BruiU. 


while the inner ends are connected one with the binding 
post, I,, and the other with the binding post, F, both mounted 
cm the block secured to the top of the field magnet. The 
binding post. L, is also connected with one of the com- 
fnutator brushes, and the binding post, A, is connected with 
the commutator brush, but with no other part of the motor. 

A rheostat or starting box is required to start the motor 
with safety. A diagram of the connections is given in Fig. 
500, which is a plan view of the motor and a diagrammatic 
view of the rheostat. In this view the binding posts, F, A, 
are shown, the binding post, L, being connected with the 
line and one of the commutator brushes; the binding post, 
A. being connected with the other commutator brush and 
with the middle binding post of the rheostat. The binding 
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post, F, of the rheostat is connected with the center binding 
post, F, of the motor, and the binding post, L, of the rheostat 
is connected with the line and also with the switch arm t. 
The latter is capable of making a contact with either of the 
buttons 2, 3, 4, 5, (>, 7. The switch arm t has a spring 
which tends to throw it around into contact with the button 
2, which has no electrical connection. The buttons 3 to ; 
inclusive are connected with the resistance coils. When 


Fto. 500 



the arm 1 is brought into contact with the button 3, it 
throws all of the resistance into the armature circuit, and 
also throws the switch magnet, 8, into the Held circuit, in 
which it remains with more or less resistance as long as the 
motor runs. 

The switch arm cuts out the resistance gradually until 
the current is all on, when the armature, 9, carried by the 
arm, 1, is held by the magnet, 8. The parts remain in 
this position so long as the current passes. When the dr- 
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emit is broken at any point, the magnet 8 releases the switch 
arm, and the spring causes it to fly back and break the cir- 
cuit, thereby avoiding the danger of throwing a heavy 
current suddenly on the motor. 

This motor will readily run on current taken from an 
ordinary lamp socket, it is so proportioned that the counter 
electro-motive force keeps the speed clown to 1,600 revolu- 
tions per minute, and controls the current vSo as to render 
the motor uniform in its action. 

By connecting the field magnet with the armature the ma- 
chine may be run by power as a generator. When run at 
1,850 revolutions per minute, it is able to supply three 16 
candle power no-volt lamps. 

The following is a table of the dimensions of the motor: 


Length of armature shaft, 

Diameter M u * .... 

Diameter of the armature 

Diameter uf the commutator . .... ... < < *. 

Width of commutator . ... .. ... .... 

Number of commutator haw, *8. 

Width of commutator ban ... * 

Length of hearing surface 

Bure of th« hr 1 1 magnet 

Outftlde diameter of hold magnet drum ... .......... 

Inside 11 H 11 “ .... 

Width of M M 14 11 

Base ....... ... 

Height of drum above bottom of base 

Diameter of imdda of convex portion of head ...... 

I hammer of hole for receiving commutator brushes . . 

Outiida diameter of carbon brush holder. , , 

Carbon rod, . . , . . * * » . . ............... 

Length of carbon ....... . « * • * 

Wire on the held magnet, 3 U P^mh of single cotton** 
covered, No, 18, 

Wire on armature, a % g mods No. aa single silk-covered. 
Normal speed of motor, t,6co revolution! per minute. 


16 ind 

H •< 


3?4 

»« 

its 


fit 

% 

315 


1% 

5 l i 
4* 9'a 
1 

4 

I 


1 ? 

II 

1% 



This little motor is si marvel of mechanical construction. 
It does not possess a single unnecessary part, and every- 
thing is plain, direct and simple. 
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2 . 
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36. 
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ii 53 . 

' 1.327 

2.5 

•0437 
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*3541 

3^-5 

.74CX) 

53-5 

1-351 

3 - 

.0524 

20. 

.3640 

37 - 

• 753 fi 

54 - 

1 . 3/6 

3-5 

.0612 

20.5 

•3739 

37*5 ■' 

■;A ’3 

54-5 

1.401 

4. 

.0699 

21. 

•3839 . 

38 . 1 

•7813 

55 - 

1.428 

4.5 

•0787 

21.5 

•3939 ! 

38.5 : 

•7954 

55-5 

MSS 
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•0875 

22. 

.4040 | 

39 - 1 

.R098 
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1 .482 

5-5 

.0963 

22.5 

.4142 

39-5 ■ 

.8243 

5 f ’.5 

1.510 

6. 

6.5 

.1051 

23. 

.4245 

40. j 

.839 1 

57 - 

1-539 

•1139 

23 -S 

.4348 

40.5 | 
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57-5 

1.569 

7 - 

.1228 

24. 

■4452 

41. | 

.8693 

5 «. 
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7-5 

•1317 

24.5 

•4557 
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.8847 

58.5 

U13I 

8. 

•1405 
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.9004 
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8*5 
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25-5 
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42.5 ! 

.9163 
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26. 
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26.5 
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10. 

.1763 

27. 

•5095 j 

44. 

•9657 

6t. 

1.804 
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•1853 
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44-5 

.9827 
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1.841 

11. 

•1944 

28. 

*5317 1 

45 - s 

1, 

63. j 

1,880 

11.5 

.2035 

28.5 

•5430 : 

45-5 1 

t. 01 76 

62.5 ! 

1.921 

12. 

.2126 

29. 

•5543 ! 

46. j 

1.035 1 

63. j 

1 .962 

12.5 

.2217 

29.5 

•5658 j 

46.5 ] 

1-053 ; 

63*5 | 

2.005 
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•2309 

30 - 

•5774 
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64. S 

2.050 
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.2401 

30.5 

•5890 

47-5 
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65. j 

2.096 
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14.5 
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49. 
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16. 

.2867 1 
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67. 
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16.5 
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33-5 

.6619 1 

50.5 

1.213 
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3.414 

1;. 

•3057 ! 

34 - 
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1.234 
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3.475 

17.5 
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34 - S 
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3.605 ■ Ko, 


3-732 

3.866 

4.010 

4.165 


; 80.5 
| 8 ,. 
j «I.S 
82. 


4-331 82.5 

4.510 83. 

4.704 | 83.5 

4- 9IS 1 «4- 

5.144 84.5 

5- 395 . *5- 


5.671 

5-975 

6.313 

6.691 

7 -H 5 

7-595 

8. 144 

8.776 

9-514 

10.385 
1 1.430 


85.5 12.706 

86. 14.300 

86.5 16.349 

87. 19.081 

87.5 22.903 

88. 28.636 

88.5 38.188 

89. 57.290 

89.5 114.588 

90. 
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Absorption, C 

Absorption of guara, 04 

Atmovplitm of light, 217 

Achromatic* objective, Udcaeuplc, 415 

Arid, 1 1 tide. 27H 

Add, Hlcarlc, 270 

Arid, BUlpUurU*, and water, 4 

Actions, molecular, 50 

AdUeslon, 58 

Adjust ab lu Hound reflector, ioU 
Adjustment, flue, 281 
Aerial lop, low 

Air compressed, 00 H 

Air, effect of centrifugal force tm, U 
Air, Inertia of, UH) 

Air, pressure of, HO 

Air pressure, weight lifted by, 80 

Air pump, inexpensive, U1 

Air pump receiver, 0U 

Air pump, treadle for, 05 

Air, reduction of volume of, by pr«*a- 

Air, Resistance of, on falling bodies, IM 
Air thermometer, 184 
Air, weight of, UO 

Air withdrawing, from microscope 
slides, 00 

Airy's spirals, 258 
Alcohol, cotton In, i 
Alcohol and water, mixture of, a 
Alum call, J 80 
Amalgamation of adnes, 402 
Ammeter, 458 

Ampere, 427 t , _ „ . . , i4tt 

Analysis and synthesis of light, 214 
Analysis of sounding flames, 148 
Analyser, 285 
Anchor plants, 200 
Ancient Inventions, 100 
Anhydrite, 200 
Aniline and water, 4 
Anncm led glass, 240 
Annunciator, 487 
Ami kato. 808 
Aciuttt it* plants, 287 
Aragonite be ml trope, 258 
ArboffeBcent magnetic figure*, 850 
Atmature, 518 
Armature core, fits 
Armature, drum, 4T0 
Armature, Gramme, 474 
Arrangement of battery celts, 420 
Arrangement of polarizer and anaiyatr* 
288 

Art, decorative, HUggpdlww in, 272 
Aacenshmal power of heated air, 10(1 
Aspirators, to l 

Aspirators, blast produced by, 105 
Aspirators, Chanmtin'a, 108 
Aspirators, waiver for, If 15 
Atmosphere, crush lr» g force of, 80 
Atmospheric preran re, 01 
Atomizing petroleum burner, 101 

Bago plate holder, 820 
Balance, 54 

Balance, readily made, 8ft 
Balance, thermoseoplc, 185 
Ball bearings, 10 
Ball experiment, 00 

Balloon, dilatation of In a vacuum, 88 

Balia, dropped and projected, 48 

Bar, compound, 182 

Barometer, 01 

Barrett. lh*of„ 188 

Barry, Philip, 187 

Batteries, two fluid. 400 

Batteries, polarisation of, 805 


Battery and galvanometer, experiments 
with, 20 1 , . 

Battery, cauallt- potit*h, 408 
Battery cells, arrangement of, 420 
Battery, chromic iu id, 412 
Battery* I mu lei I, tun 
Battery, dry. Ur. (iwratiera, 4U7 
Battery, Puller, 41 a 
Battery, gravity, 4t« 

Battery, 1 1 relict, ,100 
Battery, Grove, 411 
Battery, large plunge, 401 
Battery plates, roughening, 418 
Battery, secuiidary, formal but of, 420 
Battery, simple plunge, 4 IHl 


Battery, simple plunge, 4twi 

Battery, Bmeea, m»n t t 

Battery, thermo elm trie, 422 

Bench pyru jwdaUi deveiuner, 421 

Bee's wing. doubling h«*ok® of, 201 

Bell, Alexander Graham, 100 

Bell In vacuo, oh 

Beil, over tones of, HI 

Bell, polarised, 4*2 

Bell telephone, principle of, 477 

Bichromate of potash, 2tm 

Bicycles, pedals and *ltnfl* of. 10 

Itlttlar ouspeusbrn, 50 

Bird, mechanical, Veuamls, HI 

Black gla» poiarUer, 248 

Black tones on photographs, 427 

Blackened glass, polarUaUoi* by reflra- 

turn from, 240 „ 

Blast produced by aspirator, UM 
Blood, circulation of, 105 
Bodltm. falling. 88 
Bohnenber&er machine, 21 
Bolling witter in tamo, iin 
Bologna flask, fin 
Bomb, ramtl*. 105 
Boomerang, II a 
lorder, composite, 2?tl 
lortler, dado and frieze, 274 
Bouquet, Phantom. St I 
tax, mimical, 110 

Branch circuit*, joint resistance of, 448, 
i ranch ipns, 200 
Itnurillan pebble#, Stitt 
Bridge key and connect tuna, 447. 

Bridge resistance folk, 44 *. 
t ridge, Wheatstone*®, 444, 

Bridge, railroad, vibration of, ISO, 
Bromine box, 842, t 

Brown tone* m photographs, *147, 
Buffing tire plate* fiffih 
High*. 121 

ttunaaii'a filter ptimp. 102, 

Burner, petroleum. HlumUlfttf, IBB 
Binding fly-wheels, 84, 

Burnt, 07. 

Cadmium, sulphate of, 272, 274 
Calotte, *2m 
caliima »t Inblde, 1 tin , 
t ‘amor a, adftwtmeitt of, run. 

Camera, photographic, at*. 

Camera, |w*rkef, 328, 
candle bomb, ilia, 
capillarity, 80 
Capillary depre«bm, m. 

Capillary elevation, flfl 
» Capitol m Washington, l Ml, 

Carbonic arid, atmdriitioa of, by char- 
rani, M, 00. 

Carbonic arid, for experiment, « pre* 
pa rat ton of, itll, 

Carton*, para IK it*, 402, 

Card *% peri men t 100 
Cartesian diver, 78, 
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Cast iron field magnet, 508. 

Caustics, 208. 

Caution about illumination, 283. 

Cell, gutta-percha,. 403. 

Cell, wax, making, 300. 

Centrifugal force, 11. 

Centrifugal force, action of, on air, 12. 
Centrifugal force, action of, on liquids, 
12, 17. 

Centrifugal force, top for showing the 
action of, 13. 

Centrifugal railway, 11. 

Centrifugal siren, 171. 

Chapman’s aspirator, 103. 

Charcoal, absorption of carbonic acid 
by, 64 

Chemical thermoscope, 198. 

Chime, electrical, 384. 

Chloride of silver cell, 405. 

Choral top, 12. 

Chromic acid battery, 412. 
Chromotrope, 217. 

Chrysoberyl, 261. 

Chrysolite, 260. 

Church windows, rattling of, 125. 
Ciliated organisms, microscopic examina- 
tion of, by intermittent light, 292. 
Circuit of simple electric motor, 505. 
Circuits, branch, 448. 

Circular polarization, 253. 

Circulation of blood in fish’s tail, 295. 
Circulation of blood in frog’s foot, 295. 
Clamond’s thermo-electric battery, 422. 
Clappers, 116. 

Cleaning glass for polariscope, 262. 
Clock, one hundred year, 54. 

Clock, Wheatstone’s polar, 269. 

Clocks, application of pendulum to, 49. 
Coating the plate, 340. 

Cohesion, 56. 

Cohesion, demonstration of, 56. 
Cohesion, force of, on liquids, 56. 
Collimation of telescopes, 313. 

Color, 214. 

Communicating vessels, equilibrium in, 
74. 

Commutator, 517 
Commutator brush, 519 
Compact telescope, 316. 

Comparison of sound and light waves, 

200 . 

Composite border, 276 
Composition of vibrations, 136. 
Compound bar, 183. 

Compound microscope, 281. 
Compounding rectangular vibrations, 


Compressed air, 99, 100. 
Compressibility, 6. 

Compressing pump, 96. 

Compression, 4. 

Compression, heat dne to, 194. 
Compressor, 292. 

Concave cylindrical mirror, 208. 
Concave reflectors, 192. 

Concave spherical mirror, 211. 
Concentration of sound. 158, 162. 
Condenser, electrical, 381. 

Condenser, sub-stage, 285 
Conduction of heat, 193. 

Conduction of sound, 125. 
Conductivity of metals, 194. 

Cone, mica, 248. 

Conical pendulum. 46. 

Conjugate foci, 204. 

Connections of plating dynamo, 496. 
Consequent pole. 353. 

Contact prints, 325. 

Converging rays, convex lens, 206. 
Converter, 358. 


Convex cylinder mirror, 208. 

Copying^ photographic, 319. 

Cotton in alcohol, 1. 

Coulomb, lines of torsion, 53. 

Course of light through Iceland spar, 
234 


Course of light through a prism, 203. 
Cricket, 116. 

Crooke, W. A., 189. 

Cross, Maltese, 249. 

Crushing force of the atmosphere, 89. 
Cryophorus, Wollaston’s, 188. 
Crystallization, examples of, 274. 
Crystals, 211. 

Crystals, leaves, stalks and flowers, 277. 
Crystals, panel, with ornaments of, 274. 
Crystals, polariscope for, 255. 

Crystals, wide-angled, 255. 

Current generator, simple, 468. 

Curves, magnetic, formation of, 354. 
Curves traced by vibrating rods, 304. 
Cutting prints, 325. 

Cycloid, 40. 

Cycloidal curve, 52. 

Cycloid, method of describing, 42. 
Cyclops, 290. 

Cylindrical mirror, 134. 


Daguerre, 337. 

Daguerreotype fixing, 344. 

Daguerreotype gallery, 342. 
Daguerreotype gilding or toning, 344. 
Daguerreotype plate, coating. 340. 
Daguerreotype plate, developing. 344. 
Daguerreotype plate, scouring, 337. 
Daguerreotype, 337. 

Daguerre’s discovery, 344. 

Daniell battery, 409. 

Daphnia, 291. 

Dark room, 341. 

Davy, 518. 

Dead-beat galvanometer, 434. 

Decorative art, suggestions in, 272. 
Depolarization of electrode by mechan- 
ical agitation, 416. 

Deprez-D’Arsonval galvanometer, 434. 
Designs on wire cloth, 62. 

Destruction of life by removal of air, 
98. 

Detail, to bring out in a photographic 
negative, 323. 

Determining speed by resonance, 169. 
Developer, Beach, pyro-potash, 321. 
Developer, hydrochlnon, 323. 

Development of plates, 321 
Diamagnetism, 464. 

Diaphragm cell, 179. 

Diaphragm iris, 285. 

Diaphragm microscope, 281. 

Diaphragms, vibration of, 642. 
Diatoms, markings on, 230. 

Diffusion of gases, 66 
Diffusion of gases, law of, 71. 

Diffusion of gases, simple way of show- 
ing, 66, 67. 

Dilatation of a balloon in a vacuum, 85 
Dimensions of motor, 521 
Discharge, electric, over finely divided 
metal, 375. 

Discharger, jointed, 38. 

Disk, with silvered beads, 175. 
Disruptive discharge, 384. 

Distribution of electricity on the plates 
of the Wimshurst machine, 374 
Diver, Cartesian, 79. 

Diverging rays, concave lens, 206. 
Diversion of electric discharge by mois- 
ture, 377. 

Divisibility, 4. 

Divisibility, extreme, 4. 
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Double mcmthplw, 1H0. 

I )uu bli* poiarUutUm l»y single plate, iiH. 
Double ref ruction, 353. 

Doubler, Norrembcrg, -4 b. «**H 
Doubling hooka of we'a wing, ™UU 
Draper, 

Driving gear, frloilim, fur it gyroneupe, 
HO, 

Dropped and projected balls 43, 4 l 
Drops Prince Rupert's «Vi. 

Drum armature, I < b. 

Dry objects quick method of mounting, 
21*7. 

Dutch team, f»7. 

Dynamic electricity, 81*2. 

Dynamo, electro plat lug, 4Pb. 

Dynamo, Imucl power. Ml. 

Dynamo, principles or, -MIA. 

Dynamo, Weal lnghuu**c, ,1,7b. 

Earth, magnet Irnu by Induction from, 
'Ml, 

Earth's rotation shown by pendulum. 47. 
bkNt Ulver bridge, I Ud. 

Eaton, Prof, A. K„ a IT. 

Edison listening to the Unit phonogram 
from England, lb I . 

Edison'* now phonograph, l fit, 

Effect of armature mi permanent mm 
not, 830, 

Effecta of magnetic Induction, 381, 

Egg and brine experiment, Hi, 

Elasticity, II. 

Mflast (city of gases, 7, 

Electric chime, 3K4, 

Electric condenser, 380, 

Mice trie discharge through vacuum tub*. 

8K0. 

Electric discharge, varlntta plumes of, 
Electric fly, HHn, 

Electric manhlun, Wlmsthurtt, 370. 
Electric machine. Winter’s, soil, 

Electric motor, 8PO. 4f(h 
Electric motor, fifty cent, 481. 

Klee trie pendulum, ilOth 
Electrical gyroscope, 514, 27. 

Electrical gyrcmrtipi* for showing the ro* 
tntlmi of the earth, 38, 3 
Kleptrlral measurements 443. 

^Jwhitie&l perfection of gtana, ,184. 

* Electrical units 43b, 

.*«/ Klectrldty, fried lotml, 838. 

Electricity, marked, 803, 

Kkkd rlclty, vltreotta and rtniumia* Mi 
Elect rifled threads 884. 

Electro magnii, 457, 

Electro magnet. experiment** with, 484* 
ttlN*tro*magii#ti Iftaxpawtlv*, 481, 
Electrode mechanlcardcpokfiituhtn of, 
4:14, 

Electro plating dynamo, 488, 

Electro pkortiK, 8flJl, 

Electroscope, 881, 

tm-Urnm*. «x|t»rlnmt, with, 3*3 
KUIptlenl (winrlxittintt, 8,13. 
EndoHmomcror, 7t„ 

ss:i, p r w *• m 

Etpmtoflaljy mounted almrl««t Ittdl 
enter, 88, 

Equilibrium In commutt teat tag 
Enter, 200. 

jji haunting <fet*il«r tube, 104. 

Rxtmmoa*, ' (17 

BsaaRW.."™" by * m 

gxpiuwlon of «,*<*. «5, 

Kxporlnmt, with w(«tlfle top, JSS. 


Extension, l * 
MfrauritliMuy ray. 2.121. 
t ,y c picirst f«»r teU'm-.ipe, 


an 


t o 1 1 log ImhUi'S bs 
FaiUtiM h*»db'*, law **f, b!» 

Klfty «-ctn rjivtit* poUms, 471. 

Field tougo^t «*r 810 * 1 ** 1 , all 
tiling, roles, -ltd. 

Filtm», Ihtii, 305 

Filler pmup, 1U3, 

Fill rat t»u, d 

Piling haiti t*n i»UmIoa, d7* 

Fixing »lagMcrr«f«*iy|»r, 44 4. 

Flageolet, 13*5 

Finnic, 145, 

Pi moo, * pea Mug, Dt3, 

Flame, vlbi*ilnjc. DU 
Flame?*, mu*!* #i, 1 44, 

Flames, smitiditig, Hr*. 

Flames, «omittliig. «naly«t* of, X45. 
Flames, vibrating, 15**. 

Flask, tlolMgita, 5* 

Flexure* tda^lhity *»f, ?. 

Final log tuauun, lib# 

Flowers, sensMIit-e, t tib, 

Fly, ciertrlc* «!H,Y 

Fly dy, ill 

Flying iwfiutuliini, bb, 

Fly -w her I *, an 
Fly-wtiwd, Imi sling »*f, 34, 

Fly wheels iipdl»|r, aA. 

F*S' ttS prior i|*Se t*f r»*8if8if0 |**ua, 205, 
F**«'il«*itig dll* 

F«»ggltuc, 

Forainlfiiferja, 3!n*. 

FoPrt** W 

Force* lines fed. 2*54. 

Force of Isa bd, 

Forr#* of air am, U*.*» 

Formation of pottery, 420. 

Formal «f hmm®, 3*u 

tVmeiitttfM eat^rtmeni*. 4«1 

Foiinsthy lUntStk rotat)', in 

Fratttttlta, t*u 

Fmnklln^ t#Sats m i 

tfrmmtm by etapofa?| g *n, 188. 

Fresi»#|* giNi. 

Fririkm, ir 

Frfrfbm* tnmt 4m» to, !t»4. 

Friction* foiling, t» 

FrU^tlnii. aUditMt, l«- 

Fricti«*i»l 4rlvmg mm for nyroaeopes, 

Frkiltmaf elwtrlrit#^ 

P*nm plats 31M4, 

Ftswr n»||, 4 Hi 
Fir«l«n, 18), 

OaliWa dfsroisrf. Id 
(|aijwl#S WMm$rnm%m, tfill.. 

D alters 21421. 

.iialra&ofttefar «n*1 imumf; ef^rlmentfi 
wisii. sin 4, 

flalf f^pret -tFAraonval. 334 
j va nometer, tangiNtt , 4 if#. 
«4aH 4 anomefw, 4 if 

a&ppmmmmfuf pcaducing” 

C!»« wheel, a?, 
flaw* d ha, 

,Oa mm, ilworpthtn mi. # 4 , 

'Oaofftt, dfsr*4#|«#* m(, «m. 

Itliyrs of, mm show 

$ * 

UU 

wclfhlpf of* m< 

Cjfaaaint** mmmim. 89m 
gtfwrF* dry Havxttry. W, 
mttminit *«l»Jrri # 4 387. 
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Gathering microscopic objects, imple- 
ment tor, 287. 

Geissier tube, exhausting, 104. 

Geissler tube, self -exciting, 805. 
Generator of currents, 802. 

Gilding and toning, 845. 

Girder, breaking of by pith balls, 127. 
Glass, hand, 88. 

Glass, perfectly elastic, 7. 

Glass, pulse, 184. 

Glass, strained, 241. 

Glass, strained by heat, 243. 

Glass, strained by pressure, 243. 

Glass top, 12. 

Gloucester cathedral, 159. 

Glow of the negative collectors, 378. 
Glow of the positive collectors, 378. 
Gold crystals, 291. 

Goldfish, circulation of blood in tail of, 
297. 

Gramme armature. 474. 

Gramme machine for illustration, 472. 
Gravity battery, 410. 

Green, John, 817. 

Grenet battery, bottle form, 399. 

Grenet battery with air tubes, 415. 
Grindstones, bursting of, 37. 

Grove battery, 411. 

Gun, Quaker, 43. 

Gutta-percha-lined cells, 403. 

Gyroscope, 19. 

Gyroscope, electrical, 24, 27, 31. 
Gyroscope, friction driving gear for, 20. 
Gyroscope, pneumatic, 21. 

Gyroscope, steam, 21. 

Hammer, water, 39. 

Hand glass, 88. 

Hand power dynamo, 48. 

Harmonica, 120. 

Harmonica vibrations, 126. 

Harp, Marloye’s, 122. 

Heads of field magnet, 512. 

Heat, 181. 

Heat, conduction of, 193. 

Heat due to friction, 194. 

Heat due to pressure, 194. 

Heat, latent, 185. 

Heat, a mode of motion, 181. 

Heat, radiant, Tyndall’s experiment on, 
189. 

Heat, reflection of, 193. 

Heat, reflection and concentration, 192. 
Heated all*, ascensional power of, 196. 
Heating tool, 299. 

Hemltrope, 258. 

Hero’s fountain, rotary, 18. 

Ilerschel, 212. 

Hoffman, 223. 

Holder for soap film, 203. 

Hooke, 200. 

Hooke’s invention, 54. 

Hot air motor, 196. 

Hundred year clock, 54. 

I-Iuyghens, 200. 

Huyghens’ inventions, 49. 

Hydraulic ram, 80. 

Hydrochinon developer, 223. 

Hydrostatic press, hypothetical, 76. 
Hydrostatic press, principle of, 75. 
Hydrostatic pressure, 72. 

Hygrometry, 196. 

Hygroscope, 197. 

Hygroscopic roses, 198. 

Hygroscopic and luminous roses, 198. 
Hypothetical lens, 203. 

Iceland soar, 233. 

Illumination, caution about, 283. 
Illusion, disk, 175. 
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Illusion, optical, Rapleff’s, 230 
Illusions, 228. 

Illusions, optical, 223. 

Impenetrability, 1, 2. 

Implements for gathering microscopic 
objects, 287. 

Incandescent lamp, 221. 

Inclined plane, 40. 

Indicator, electric, 33. 

Induced current from induced magne- 
tism. 467. 

Induction machine, Wimshurst, 370. 
Induction, magnetic, 473. 

Inertia, 8. • 

Inertia of air, 109. 

Inertia locomotive, 9. 

Inexpensive air pump, 91. 

Infusoria, 290. 

Insects, 278 

Instantaneous photography, 319. 
Instruments, stringed, 124. 

Insulating stool, 387. 

Intensification of photographic nega- 
tives, 234. 

Intensity of light, 222. 

Intermittent light, examination of cil- 
iated objects by, 292 
Interrupter, light, for microscope, 293. 
Inventions, ancient, 100. 

Iodine box, 342. 

Iodine cell, 189. 

Iris diaphragm, 285. 

Irradiation, 221. 

Isochronism, 51. 

Jew’s harp. 143. 

Joint resistance of branch circuits, 448., 
Jointed discharger, 380. 

Journal box, 519 
Jupiter, 314. 

Kaleidoscope, 213. 

Kater’s reversible pendulum, 48. 

Kent’s trough, 295. 

Key, bridge, 447. 

Kits, photographic, 319. 

Koenig’s manometric flames, 178. 

Ramp, Incandescent, 221. 

Lantern slides, 825. 

Latent heat, 185. ■. 

Lateral pressures, 79. 

Latour, Cagniard, 172. 

Law controlling gyroscopic movement,. 
32 

Law of diffusion of gases, 71. 

Law of falling bodies, 39. 

Law, Pascal’s, 73, 

Law, Pascal’s, demonstration of, 72, 
Leaf, sensitive, 197. 

Leclanche battery, 406. 

Le Conte, Dr., 165. 

Length of resonant tube, 145. 
Lengthening the spark, 878. 

Lens, hypothetical. 204. 

Lens, sound, 165. 

Lenses, 204, 

Lenses, forms of, 204. 

Leyden jar, 382. 

Leyden jar, attachment to Wimshurst 
machine, 373 
Light, 200. 

Light, analysis and synthesis of, 213 
Life, destruction of by removal of air, 
9 $. 

Light, Intensity of, 222. 

Light interrupter for microscope, 293. 
Light modifier, 285. 

Light, polarized, 233. 

Light, polarized, experiments in, 230. 
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Light and sound, reflection of, 159. 
Lines of force, 354. 

Liquids, 72. 

Liquids, compressibility of, 72. 
Liquids, pressure exerted by, 72. 
Liquids, top for showing centrifugal ac- 
tion on, 13. 

Lissajous' experiments, 136. 

Lithic acid, 273. 

Locltyer, J. Norman, 214. 

Locomotive, inertia, 9. 

Lubricant, friction lessened by, 9. 
Luminous paint, 198. 

Luminous roses, 198. 


Magnet, electric, 457. 

Magnet, electric, for experimentation, 
458. 

Magnet, field, cast iron, 508. 

Magnet* forming the field, 503. 

Magnet and rolling- armature, 358. 
Magnets, floating, 357. 

Magnetic curves, arborescent, 356. 
Magnetic curves, formation of, 354. 
Magnetic curves in relief, 355. 

Magnetic induction, 466, 473. 

Magnetic induction, effects of, 351. 
Magnetic key, 478. 

Magnetic pole, neutralizing effects of 
an opposing, 352. 

Magnetic top. 358. 

Magnetism, 347. 

Magnetism by induction from the earth, 
347. 


Magnetism by torsion, 348. 

Magnetization of bars, 348. 

Magneto-electric machine, 476, 479, 481 

Magnifier, water bulb. 208 

Magnus’ experiment, &3 

Maltese cross, 249 

Manometric flames, 135 

Manometric flames, Koenig’s, 178 

Markings on diatoms, 230 

Marloye’s harp, 122 

Mars, 314 . 

Masked electricity, 362 
Mayer. Prof/ A. M., 357 
Mayers floating needles, 357 
Measurement of time by pendulum, 49 
Measurements, electric, 442 
Koasuring jar, 383 
/Mechanical bird, Penaud’s, 111 
Mechanical depolarization of electrodes, 
414. 


Mercurial column supported by atmos- 
phere, 91 

Mercurial shower, 5 
Mercury bath, 344 
Metals, conductivity of, 194. 

Metallic thermometer, 182 
Metal lophone, 119 
Mica cone, 249 
Mica films, 253 

Mica objects for polarlscope, 247 
Mica plates, 203 
Mica semi-cylinders, 248 
Mica semi-cylinders, crossed, 248 
Mica star, fan and crossed bars, 251 
Mica wheel, 250 
Microscope, modern, 284 
Microscope, simple polariscope for, 306 
Microscope slides, withdrawing air from, 
99 


Microscope, water lens, 279 
Microscopic examination of ciliated or- 
ganisms, 292 

Microscopic exhibition of vibrating rods, 
304 

Microscopic objects, gathering, 287 


Microscopic objects, simple polariscope 
for, 262 

Microscopic objects, various, 287 

Microscopy, 2'i 8 

Mill, -Barker's, 79 

Mirror, convex spherical, 211 

Mirror, cylindrical, 134 

Mirror, rotating, 132 

Mirror, spherical, 210 

Mirrors, 20 

Modifier, light, 284 

Molecular actions, 56 

Molecular forces, 4 

Molecules, adhesion and cohesion of, 56 
Moon, 315 
Mortar, 390 
Motion, 8 

Motion produced by permanent magnet, 
349 

Motion, vortex, 114 

Motor, electric, 470 

Motor, electric, simple, 497 

Motor, hot air, 196 

Mouth organ, 120 

Mouth used as a resonator, 143 

Month vacuum apparatus, 106 

Mouthpiece, double, 180 

Movement, gyroscopic, law of, 32 

Multiple reflection, 212 

Music box, 119 

Musical flames, 145 

Musical instruments, stringed, 7 

Musical top, 116 


Nebulae, 315 

Neutralizing effect of opposing poles, 

Newton. Sir Isaac, 200 
Newtoms rings. 302 
Nicol prism, 269 
Niepce, 337 
Niter, 258 
Noise, 116 

Norremberg doubler, simple, 245, 251, 
253 


Objects, gathering microscopic, 287 
Objects, mica, for polariscope, 247 
Objects, microscopic, various. 287 
Objects for polariscope, 244 
Objects for simple polariscope, 307 
Objects, telescopic, 314 
Oblate spheroid, 17 

ObUtjue lines, apparent deviation by, 

Ocarina, 123 

Ohm’s law, 427 

Optical illusions, 223 

Optical illusions, curious, 226 

Optical illusions, Thompson, 228 

Ordinary ray, 233 

Organ, mouth, 120 

Oscillating and conical pendulums, 45 

Overdevelopment of photographic plate. 

Over-exposure of photographic plate, 322 
Over-tones of a bell, 144 


Paint, luminous, 199 
Pandean pipes, 122 

Panel with ornaments of crystals, 274 
Parabolic reflections, 159 
Paraffining carbons, 402 
Pascal’s experiment, 73, 91 
Pascal’s law, 73 

Pascal’s law, demonstration of, 72 
Pebbles, Brazilian, 269 
Penaud’s mechanical bird, 111 
Pendulum with audible beats, 47 
Pendulum, application of to clocks, 50 
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Pendulum, calculating of. length of, 46 
Pendulum, flying, 05 
Pendulum, Rater’s reversible, 48 
Pendulum, length .of at juammerfest, 45 
Pendulum, length of at i$t. Thomas, 45 
Pendulum, measuring time by, 49 
Pendulum, oscillating and conical, 45 
Pendulum, seconds, 45 
Pendulum, simple, 45 
Pendulum, torsion, 52 
Perforation of glass, 384. 

Permanent magnet, effect of, on arma- 
ture, 350. 

Permanent magnet, motion produced by, 
347 

Persistence of vision, 220 
Persistent rotation, 9 
Phantom bou.quet, 211 
Phonogram, Edison listening to, 151 
Phonograph, Edison’s, 151 
Phonograph, first audience of, 151 
Phonograph, perfected, 150 
Phonograph simple, 150 
Phonograph, test of, 156 
Phonographic records, 156 
Phosphorescence, 199 
Photographic camera, 318 
Photographic clearing, solution, 323 
Photographic copying, 13, 19 
Photographic negative, to bring out de- 
tail in, 323 

Photographic negatives, washing, 325 
Photographic plate, over-exposure of, 
321 

Photographic print, toning solution for, 
327 

Photographic shutters, 321 
Photographs, black tones on, 327 
Photographs, brown tones on, 327 
Photographs, fixing bath for 327 
Ph otographs, instantaneous, 319 
Photography, 318 
Photography, best season for, 319 
Photography, development of, 321 
Photometer, 222 

Photo-micrographic apparatus, 332 

Photo-prints, coating, 325 

Pipes, 122 

Pipes, closed, 123 

Pipes, open, 123 

Pipes, reed, 121 

Pith bail, electrical attraction and re- 
pulsion of, 359 
Pith ball electroscope, 391 
Pith balls, dancing, 8ho 
Plane of rotation, change in, 14 
Plant hairs, 290 
Plante’s secondary battery, 418 
Plants, aquatic, 2S7 
Plate holders, 319 
Plate holders, bag, 330 
Plating dynamo, connections of, 496 
Plates, tourmaline, 236 
Pleurosigma angulatum, 232 
Plunge battery, 401 . 

Pneumatic gyroscope, 24, 31 
Pneumatic syringe, 6 . 

Polar clock, 269 

Polariscope for determining tempera- 
tures, 269 

Polariscope for large objects, 262 
Polariscope, mica objects for, 247 
Polariscope for microscopic objects, 262 
Polariscope, objects for, 244 
Polariscope, simple, for microscope, 306 
Polariscope for wide-angled crystals, 255 
Polarlscopes, 251 

Polarization and analyzation by a bun- 
dle of plates, 244 
Polarization of batteries, 395 


Polarization, circular 259 
Polarization, elliptical, 253 
Polarization by reflection, 237 
Polarization by refraction, 237 
Polarization by single plate, 246 
Polarized bell, 485 
Polarized light, 233 
Polarized light, experiments in, 239 
Polarizer, black glass, 238 
Pollen of marshmallow, 290 
Polyprism, 203 
Pond life, 278 . 

Popgun used as a pneumatic syringe, 6 
Pores, physical, 4 
Pores, physical and sensible, 4 
Pores, sensible, 4 
Porosity, 4 
Power, storage of, 9 
Practical application of the polariscope, 
268 

Press, hydraulic, simple, 77 

Press, hydrostatic, principle of, (5 

Pressure of air, 89 

Pressure of endosmose, 67 

Pressure, heat due to, 194 

Pressure, hydrostatic, 73 

Pressure, lateral, 79 

Pressure for sensitive flames, 166 

Prince Rupert's drops, 57 

Principal focus of a convex lens, 204 

Principle of tangent galvanometer, 439 

Printing photographs, 325 

Prints, contact, 325 

Prism, course of light through a, 203 

Prism, Nicol, 234 

Prism, rocking, 214 

Prisms, 202 

Proboscis of blow-fly, 290 
Properties of bodies, 1 
Pulse glass, 184 
Pump, filter, Bunsen’s, 102 
Pump, Wirtz’s, 109 

Quaker gun, 43 

Quarter II. P. electric motor, 510. 

Quartz, 259 

. Quartz polarized circular, 259 
Quick method of mounting dry objects, 
l 297 

Radial disks, 176 

Radiant heat, Tyndall’s experiment in, 
180. 

Radiometer, 189 

Railroad bridges, vibration of, 126 
Railway, centrifugal, 11 
Railway, spiral, 11 
Ram, hydraulic, 80 
Rapieff’s optical illusions, 230 
Ray, extraordinary, 233 
Ray, ordinary, 233 
Reaction, 80 

Reactionary apparatus, 79 
Real image, 206 
Receiver, air pump, 96 
Receiver for aspirator, 105 
Record, phonographic, 156 
Recording voltmeter, 454 
Rectangular vibration^, compounding of, 
140 

Rectilinear motion, conversion of into 
rotary, 9 

Reduction of volume of alcohol and 
water mixture, 3 
Reeds, 121 

Reflecting telescope, 212 
Reflection and concentration of heat, 
192 

Reflection and concentration of sound, 
158 

Reflection of light and sound, 159 
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IteitocUon, multiple, 21: 

itelieriow, parabolic, u»w 

Kulleeilon, pommutlou by, ~Uf 

Itellai'Loi'H, concave, UdJ 

Kef rad ion, UUU 

Ud'raclhm, double, LM.t 

iu*t faction, poluruauim by, 

ltd ruction of HouttU, UH 

Ke-enforcemeut of aouml, lit 

Koslaumct* box, bridge, M l 

itaao nance, detcrmmmg upm I by. 10W 

itehomuit, mmuti uned an, H.I 

KcHoutuit UlbeM, Ho 

UoBuuant luboM, length of, 


,Si *uji hint, 
l Ml 

.Miltlut, mill OUlfUlHji i»f, Id.* 
jpuuuti, * M»um tout *u, t w a 
Pouini bun, i*m 

fuMIUlI <tuu light HlOt 'i tojUtpHled, «*ttU 

Hound mwm, ;mnjue f 
pound, trU*'t'U»»U ituit comcldi Ulh>ll inf 
l» .M 

Hound ne!|rvit»i, mljy dnldr, 1 :>*» 
pound, i e fuik-m *<i. Hi 

PoUluMlg |U* til***, i *»* 

H>*UMP* «*> « lirtllge** <(4' lr||||H't'Af U*l$ 

HpA*', lOUUHl, *,...4 


He ho nan t venae 1, selected power of, M-* f ” f ! JJJ l,rt, l 4 * 

u 1 1 UIm, ~to 

uSSi' relative H ^litirn, npp*mMm, .'t? 

Ueverdble pendulum, Rater’*, 47 HptMrmih «*nii..n of producing, 

Revolving la Idea, aulmtUute for, 2H2 * .J* #sss « , . 

Rocker Trove! vtm* MKI ' * l,4! * , l 1? < 

Kocklug car, IU4 Hpiie*«\ » l *»* 

Uorldng priam, wimple, UM JTJJ*** ^j* 1 **! N J M *‘ " ,n 

Kotin, vibrating, UH * "<»* J ’ 

Kudu, vibrating, mlmisieupie, exhibition j»P ; "y }'- , , ,, . . . 

Uolling armature, Hf»H t 1 ’! 6 * 1 ! | «*| rt ***. ** 

Uoillng friction, tu Hpli*!*. •*»** •». 

Romm, hygro ample and luminous, ttMJ Bpongra, wh «< .in* 

Rotating mirror, . hpiitMj*, * 

Rotation of the earth, gyiwope for *r|e*« «*!«., n « 

allowing, *l»l nit<| j t a 

notation, iierwlHtmit, II jHinriiiur t**v 

Uu lifer, Urn) #•**«.« rn*iiu\ bio »*■**». to:. 

Hot 1 for, exhibited by Intermittent light, ' Hi«-a*u. ***** -*t. *•.•« 

UU5 ) Mo»«« let «•«*» •n**'- * J - »r* 

Kotigheulng battery plate«, 4 IP ! ««• 

Uuby light, UtU 

» %% i.t : 4 i;t 

(HiUIh, m eo nmif rat not ami rrUw-fora am 

Of MoUUd, loP »J4|||tC» W4t #r»l ; 

Mallclne cryntaN, ’47U %4 

Han Halvador. U1P jmrm«ic#i g? *»*.«. 

Hauurnlne. «*7U Ktflu«t U‘*« 

Hat urn. UH Hiilngrij z t : i 

HttVim’a wheel, 174 HI r^m | -I* 

Hclentltlc top, H, ITT 'Hub >■ 

Kcourlng the plate, UU7 Hugm. *»*i*m**n ..f i5> s N44 „ ;* 

Henmciary battery, Plante, 41 H Hnm*?*Unm m *U-< « v <" 

Hmmtt* iiendtiltiiu, 4U boi|»ba«e ,»r i ,> * ' p 

HhhIk, Ifftit ' ** 

HeliH’tecl power of rvmmuM **#**1*, III »• m »,r * 

HHenltfS UfiU Huh. iJif* ‘ 

Heff exHtlng Ueiaator tutu*, 

HelMumlnmiw tniuy, UtPl «!%'», r.-*u 

Mtaaltive !«a ! *•?** lit w 

Rwtutlllw flmnen, burner f»*r. trld •; h> 

MPRittlve flu Rim with m ur«tlRary ! 
pri^itre. tm :TM ^ 

MendHsl Laf m? pvln.jp?* «•># Sip 

Hlwtwer, men tirlal. S 1 n r.«* m ' rmw 

SMa ® 881 iKgr 1 *•• 

wim er wit, wi ■*““ ^Zn'vT'V:; :m 

» «»r«r w * :r;?:r::b' (5 m - 1 ; 

a ~ -*—*«»■ 

s «Kl# rwfmrtio, sxn t.-kXA ; 

S&'O ,,, tv?.*..,* „„ 

SSR whMiiw, $;« ?:urc‘.*^, r T s,‘r;.„t .4 8,1 

2 * mlhf met ion, 1 i I ti-r • - * P . * * * . . , k , . , \ , . 
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Hap»lflw leaf, Hit 
Hlwiwer, tneretirlab s 
Hlmtter, phoeograph, ^ImpK 313! 
gfmr.hm ptiototmtihir, ibi 
$})¥#!* ehtofhle eeSh 4«if* 


HUw*r errata!*, l*IM" 
gfmpje air «mmp 4 iH 
gtepli *tMrt** motor, -4!it 
Hjmpte iienilulimh is 


HJmpl# jihnm^ira pt» (1 1 4 ?i 
Blhib* gtiki hatt#ry s Rtm 


Kfngi# rereading todti*, 

Hhm 174 

glrw* eeatrifutsl, t7l 

‘ 7tt 

81M»tW fHrttott, )il 

festttry. am 

8«ok« WMttthu, 118 
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Thermo 

Thduui 

Tiurtnc 

Tuemu, 

Turn u 

'i no uip i 

Tltompi 

Threuu 

Toeplei 

Tultea, 

Tonga, 

Tuttttig 

Tup, u 

'Pop, c 

Top, 4 

’Pop, e 

Top, k 

Top, li 

Tup, n 

Top fi 

'Pop, M 

Tup a a, 

Tort Ir 

Tornlo 

Ttuiru 

'Pour u 

Toy a, 

'Prajd 

Triton 

Treat! 

'Prove 

Trleyi 

Tttlm 

Ttmli: 

Two 4 

Tymli 

Tyndi 

m 

Tyrol 
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’Scope, chemical, 198 
‘Scopic balance, 185 J 

metallic, I 82 1 

\stat, simple, 183 
1: nas } 255 

3 ^n, optical illusion, 22 S 
3 ou, i-rox. fcjiivamis P., 228 
electrified, 304 
- & experiment, 149 

it. 15., <510 

tourmaline, 255, 260 
solutions, 327 
,eriai, loo 
Itiiineleon, 177 
ttoral, 12 

experiments with, 16 
Aatss, 13 
iaenetic, 358 
* scientific, 14, 178 

showing centrifugal action, 13 
inning device for, 14 
, 1260 

Dili’s experiment, 91 

ti, 7 . 

ittline crystals, action of, 234 
tttline tongs, 255 
txiusical, 116 
2 tory, 43 

i!erring objects to slide, 291 
le for air pump, 95 
ly an rocker, 163 
cles, 10 

With interrupted conductor, 308 
ig forks and resonant tubes, 145 
Ittld batteries, 409 
a.11, John, 181 

a-ll’s experiment with radiant heat, 
124 

xtealed glass, 241 
i, electrical, 425 
st-sal discharger. 386 
ax-sal microscope, 284 

txxn apparatus, mouth, 106 
Tim, dilatation of a balloon in, 85 
xx m produced by exosmose, 70 
•x-iaation, 181 

cities, siren for showing, 170 
e-tremne, 244 
ex ting flames, 130 
a. ting flame apparatus, 134 
Efting rods, 118 


Vibrating rods, microscopic exhibition 
of, 30* 

Vibrations, composition of, 136 
Vibrations, compounding rectangular, 
140 

Vibration, longitudinal, of rods, 121 

Vibrations, harmonic, 126 

Vial for four liiiuids, 81 

Virtual image, 207 

Vision, persistence of, 220 

Vitreous and resinous electricity, 361 

Vocal sounds, re-enforcement of, 141 

Voltaic arc, 518 

Voltmeter, expansion, 449 

Voltmeter, recording, 454 

Volume, reduction of by mixture, 3 

Vortex motion, 113 

Vorticella, 290 


Washing the negative, 325 

Watch balance, 54 

Water, boiling in vacuo, 98 

Water bulb magnifier, 208 

Water colored by aniline, 4 

Water hammer, 39 

Water lens microscope. 279 

Wax cell, Dr. Stiles’, 300 

Wax patterns, 700 

Webster, (4. Watmough, 228 

Weighing gases, 86 

Weight of air, 88 

Weight lifted by air pressure, 90 

Wheatstone’s bridge, 443 

Wheatstone’s polar clock, 269 

Wheel, gas, 86 

Wheel, mica, 250 

Whispering galleries, 159 

Winding, 514 

Wide-angled crystals, 255 

Wide angled crystals, polariscope for, 

Wlmshurst induction machine, a modi- 
fied, 370 

Wire cloth, designs on, 63 
Wlrtz’s pump, 109 
Wollaston’s cryophorus, 188 
Wreaths of smoke, 133 


Young, 200 


Zoetrope, 220 
Zy lophone, 118 
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qTke needs of tbc boy camper are supplied by the direc- 
tions for making tramping outfits, sleeping bags and tents ; 
also suck otker shelters as tree bouses, straw buts, log cabins 
and caves. 

q The winter diversions include instructions for making six 
kinds of skate sails and eight kinds of snow shoes and skis, 
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ing, wigwagging, heliographing and bridge building, in which 
six different kinds of bridges, including a simple cantilever 
bridge, are described. 
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■windmills, water wheels and the like, A complete tabic of 
contents sent on request 

MUNN & COMPANY 

361 Broadway >< saKmnc H AM 8 KRlcAN*• New York City 


liHi I 





